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ACTION SPECTRUM FOR THE PHOTOPERIODIC CONTROL OF 
FLORAL INITIATION OF SHORT-DAY PLANTS 


M. W. PARKER/ S. B. HENDRICKS/ ] 

Introduction 

It has been shown that floral initiation 
in short-day plants can be prevented by 
brief periods of illumination applied near 
the middle of the dark period (15). The 
interruption, depending upon the light 
intensity, need not be more than a few 
seconds. A study of the effectiveness of 
different wave lengths of light on this 
reaction has been made, and curves 
relating wave-length to effectiveness, 
which may be referred to as the action 
spectrum, have been constructed. Only 
by means of quantitative data which can 
be expressed in the form of an action 
spectrum curve can information be ob- 
tained as to the fundamental nature of 
the photoreactions that are responsible 
for the photoperiodic responses of plants. 
Many investigators, all using filtered 
radiation, have studied the influence of 
various regions of the spectrum on this 
reaction, but none has made quantitative 
determinations of the relative effective- 
ness of the different wave-length bands. 

Four conditions were established in ex- 
periments for determining the action 
spectrum. First, use was made of the in- 
hibiting action on floral induction of 
brief periods of irradiation applied at or 
near the middle of the dark period. 
Second, the radiation applied at these 
times consisted of relatively narrow 
wave-length bands of high spectral pu- 

' Physiologist; “ Senior Chemist; •’ Senior Botan- 
ist; < Associate Physiologist; Bureau of Plant Indus- 
try, Soils and Agricultural Engineering, Agricultural 
Research Administration, U.S. Department of 
Agriculture, Plant Industry Station, Beltsville, 
Md. 
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rity. Third, the source of radiant energy 
for these dark-period interruptions was 
of high intensity in all regions of the vis- 
ible spectrum. Fourth, the biological re- 
sponse investigated was restricted to 
floral initiation. 

Review of literature 

Razumov (16), working with both 
long-day and short-day plants, con- 
cluded that radiation from the red and 
yellow parts of the spectrum, when used 
to extend short natural photoperiods, 
was equivalent to daylight in its effect on 
the photoperiodic reaction, whereas 
green, blue, or violet radiation was 
equivalent to darkness. Both Katunskij 
yio) and Kleshnin (ii), on the con- 
trary, found that the photoperiodic re- 
action could be influenced by radiation 
from any part of the visible spectrum 
but that the intensities required differed 
from one region to another. Katunskij 
reported that red was most effective, 
with yellow-orange a close second and 
blue third in effectiveness. He found 
green to be the least effective region and 
noted that there was a close similarity 
between photoperiodism and photosyn- 
thesis in their dependency on the spectral 
composition of light. Kleshnin called 
special attention to the fact that it was 
necessary to use low intensities of radia- 
tion if differences in effectiveness of dif- 
ferent spectral regions were to be dis- 
tinguished, and he suggested that failure 
of some workers to consider this fact 
probably accounted in part for contradic- 
tory conclusions. 
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Withrow and Benedict (i8) investi- 
gated the effects of several different wave- 
length bands and found that orange and 
red resulted in earliest blooming and 
greatest number of flowers with pansy, 
stock, and aster. Blue, green, and yellow 
radiation had little eff'ect on pansy and 
stock, but with aster all wave-length 
bands were effective in hastening flower- 
ing. Withrow and Biebel (19) extended 
these investigations to include short-day 
plants and found that the red wave- 
length band, which was most effective in 
promoting flowering of long-day plants, 
was likewise most effective in preventing 
flowering of short-day plants. Withrow 
and Withrow (20) carried out further 
work with red radiation and studied the 
effects of blue light in greater detail. 
They were aware that small energies of 
red radiation were sufficient to produce 
the effects observed and were not certain 
that in previous experiements these 
levels had not been exceeded by extrane- 
ous unfiltered light; Their results showed 
almost no effect of blue radiation and 
confirmed previous observations as to the 
effectiveness of the red region. They con- 
cluded that The leaf pigment controlling 
the photoperiodic response of all plants 
with which they worked absorbs strong- 
ly in the red, less so in the yellow-green, 
and least in the blue regions of the 
spectrum. 

Several experimental conditions could 
have CGntributed to the diverse results 
obtained with blue radiation. First, these 
studies were made with filtered radiation, 
and the filters used by the different work- 
ers were not identical. In most cases they 
transmitted very wide wave bands, and 
some authors appear to have attached 
insufficient importance to the weak 
transmission that may have occurred in 
wave bands outside the principal region 
of transmission. Second, most workers 


failed to employ energy levels near the 
threshold required in the different wave 
bands, to produce the photoperiodic ef- 
fect. The energy in the red was .frequent- 
ly higher than necessary and in the blue 
was too low to produce an effect. Third,, 
the biological response measured. A:ould 
have been .more sha,rplyxlefi„ned in many 
cases. Basically, all workers were con- 
cerned primarily with the spectral con- 
ditions, that perm.itted transition, of. the 
plants from a purely vegetative develop- 
ment to a reproductive one. The elltjc- 
tiveness of a given treatment was in .near- 
ly all cases judged by the ultimate .forma- 
tion or lack of formation of .macroscopic 
flower buds or open flowers.' This pro- 
cedure requi,red that experimental treat- 
ments be of several weeks’ duration. It 
assumed that 'the plants had not initiated 
flower primordia before the treatoeiits 
were applied and further assumed that 
the effectiveness of a given t,reatment in 
causing floral initiation was similar to its 
effectiveness in promoting the subse- 
quent.. growth .and develo.pment of these 
flower primordia into mac.roscopic buds 
and. flowers. This assumption is not valid 
in the case of soybean, and probably 
many other plants would have similar be- 
havior. Soybean plants with estalilislied 
flower primordia can be given i)hoto- 
periods that will prevent their develop- 
ment into flowers or fruit 

. Biological material and. experi- ' 

mental procedures 

The short-day plants used in this in- 
vestigation were soybean, Soja max (L.) 
Piper var. Biloxi, and cocklebur, Xan- 
thium saccharatum Wallr. The plants 
were grown in soil in 3I- or 4-inch pots in 
the greenhouse and were produced in 
sufficient number so that very uniform 
populations could be selected for each 
experiment. 
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All experiments with Biloxi soybean 
by this project for the past several years 
have been conducted with seed derived 
from the same original source, new crops 
of which have been produced from year 
to year. This strain produces very uni- 
form plants and contains no types that 
vary significantly from the rest in their 
photoperiodic behavior. Most of the 
cocklebur seed was obtained along a road 
near the grounds of the Bureau of Plant 
Industry Station. For preliminary ex- 
periments, however, seed was obtained 
through the courtesy of Dr. E. J. Kraus 
from the source used by Hammer and 
Bonner (7) and referred to by them as X. 
pennsylvanicum. The photoperiodic re- 
sponses of the plants from the two 
sources were identical, and both were de- 
termined by Dr. S. F. Blake as X. sac- 
charatum Wallr. 

Because of the limited amount of leaf 
area that could be irradiated with the 
spectrograph, it was necessary to reduce 
the leaf surface by defoliation as much 
as was possible without interference with 
the capability of the plant to respond to 
photoperiodic treatment. With soybean 
all expanded foliar organs except the 
terminal leaflets of the third compound 
leaf were detached. It had been found in 
earlier studies (3) that initiation of flower 
primordia by plants defoliated in this 
way was not impaired. With cocklebur 
all leaves but the most recently fully ex- 
panded one on each plant were removed. 
The leaf irradiated was usually located 
at the sixth or seventh node. 

For all experiments the plants were 
grown under conditions of long photo- 
period until they were ready for treat- 
ment. These photoperiods consisted 
of all the natural light available at the 
season the plants were growing plus ap- 
proximately 40 foot-candles of incan- 
descent-filament radiation from sundown 


to 2:00 A.M. The photoperiods thus ex- 
ceeded 18 hours in the winter and 20 
or more hours in the summer. This pro- 
cedure has always been found to prevent 
floral initiation of Biloxi soybean and 
cocklebur, as determined by dissections 
made of representative plants at the time 
of the experiments. The experimental 
lots of plants were selected and moved 
from the greenhouse into the controlled- 
environment rooms described by Parker 
(14). Here the soybeans were subjected 
6 days, and the cocklebur 3 days, to 
short photoperiods using the methods de- 
scribed in detail below. During these ex- 
perimental periods the plants differ- 
entiated a few new structures and made 
a small amount of growth but not enough 
to permit final determination of the ef- 
fects of the treatment, so it was neces- 
sary to allow a few more days for their 
further development before the stem 
terminals were dissected. During this 
period the plants were again held in the 
greenhouse on long days. Dissections 
were made of all soybeans 14 days, and 
of all cockleburs 10 days, after the be- 
ginning of the experimental treatment. 

Use of the growth chambers assured 
constant growing conditions during the 
experimental periods. Light intensities in 
the greenhouse both before and after the 
e.xperimental treatments were subject to 
natural fluctuations, but, in general, 
these differences were not found to inter- 
fere with the results except during 
periods of unusually dark weather. At 
such times the plants were held on long 
photoperiods in the growth chambers for 
a few days prior to and following treat- 
ment. 

During the experimental period the 
soybeans received lo-hour, and the 
cockleburs 12-hour, photoperiods of car- 
bon-arc plus incandescent-filament radia- 
tion having a combined intensity at the 
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surface of about 2000 foot-candles. 
Treatment of soybean and cocklebur in 
these growth chambers with the respec- 
tive lengths and numbers of photoperiods 
indicated above invariably resulted in 
the production of flower primordia if the 
dark periods were uninterrupted. Floral 
initiation could be completely inhibited, 
however, if the dark periods were inter- 
rupted near the middle by brief periods 
of illumination of sufficient energy. It 
was thus possible through the applica- 
tion of a range of levels of energy in the 
form of dark-period interruptions to de- 
termine the threshold amount of energy 
that would just prevent flowering. These 
interruptions were made with filtered or 
white light in the reciprocity experiments 
and with relatively narrow waye-length 
bands of light from the spectrograph in 
all the action spectrum experiments. The 
energy levels required were such that, 
with the light intensities available, the 
tion of interruption of the dark 
periods ranged from about i to 25 
minutes, except in a few experiments 
concerned primarily with the blue-violet 
end of the spectrum, in which interrup- 
tions as long as 40 minutes were neces- 
sary to inhibit floral initiation. In most 
experiments five different energy levels 
were used at each wave-length band 
tested. The sum of these five different 
periods of interruption was usually less 
than I hour, so that it was possible to 
complete all the interruptions in dupli- 
cate within a 2-hour period beginning 30 
minutes before and ending 90 minutes 
the middle of the dark period. This 
procedure, repeated in a second growth 
chamber operating on a cycle 2 hours 
later than the first, increased the number 
of replications of the entire experiment 
to four. In an average experiment four- 
teen or more bands of the spectrum were 
investigated in quadruplicate at five en- 


ergy levels. The total number of plants 
involved in such experiments was 280 or 
more, exclusive of the controls which re- 
ceived short-day treatments but no 
dark-period interruptions. The individu- 
al lots of plants were brought from the 
control rooms and with the aid of a blue- 
violet safe-light, described below, the 
leaflets were placed in their respective 
positions on a board located in the image 
plane of the spectrograph. 

The experimental results for soybean 
are expressed as total nodes at which 
flower primordia were formed and for 
cocklebur as total plants forming flower 
primordia. In soybean evidence for the 
effectiveness of a given treatment with 
short photoperiod is found in the produc- 
tion of flower primordia in the axil of the 
leaf situated several nodes below the 
terminal on the main axis (2). If the 
flower-forming stimuius is relatively 
weak, flower primordia may be formed 
only at this one node; but if the stimulus 
is stronger, they may be formed, at one 
or more additional nodes above. The 
number of nodes on the main axis at 
which flower primordia occur is thus a 
semiquantitative measure of the effec- 
tiveness of the treatment. These values 
rather than the number of plants having 
flower buds are thus presented for soy- 
bean. Only when the stimulus is very 
strong and applied for a prolonged period 
does the terminal meristem give rise to a 
terminal inflorescence. In none of these 
experiments, however, was the treatment 
of sufficient intensity and duration to re- 
sult in such a response. 

In cocklebur, on the other hand, an 
effective treatment with short photo- 
period results in the initiation of a ter- 
minal inflorescence 1 The only obvious dif- 
ference in behavior of cocklebur plants 
that have received different intensities of 
photoperiodie stimulation is in rate of de- 


t 



velopment of the inflorescences. These 
differences can be expressed only by as- 
signing the plants to various categories 
on the basis of size of the terminal in- 
florescences. This is unsatisfactory be- 
cause of the possible influence of other 
factors on their rate of growth. For this 
reason the only record taken for cockle- 
bur was the presence or absence of a 
recognizable inflorescence primordium, 
regardless of size. 

Spectrograph methods and 
apparatus 

Experiments designed to give the ac- 
tion spectrum for photoperiodic response 
required use of radiation of high intensity 
in a restricted wave-length region over 
an area somewhat larger than a leaflet of 
soybean or leaf of cocklebur. The wave- 
length band over a particular leaf had to 
be as narrow as possible, consistent with 
supplying energy adequate to suppress 
floral initiation as a result of exposures of 
less than an hour even in the least ef- 
fective portions of the visible spectrum. 
This was achieved by means of the spec- 
trograph described in the following 
paragraphs. Other experiments, per- 
formed to test the validity of the pro- 
cedure used with the spectrograph, re- 
quired only incandescent-filament lamps 
with or without filters. 

The optical path in the spectrograph 
is shown in figure i. Optical elements 
were a 25-cm. front-aluminized spherical 
concave mirror having a focal length of 2 
meters, and two equilateral 60° flint glass 
prisms, with 14-cm. faces and 16.3 cm. in 
height, dhe slit and the focal plane were 
at the respective foci of the spherical 
mirror, thus giving a contergent beam 
through the prisms. The convergence 
leads to a loss of resolving power and 
thereby of spectral purity, which, how- 
ever, is far within the limits required by 


the various experiments. The [irisnis 
were set at minimum deviation for the 
mercury green line. Light passing 
through the prisms was reflected frf)ni a 
front-aluminized flat mirror whicli was 
mounted so that it could be rotated 
about an axis in the mirror surface. Ro- 
tation was effected by means of a tan- 
gent screw on a 60-cm, arm. By turning 
the flat mirror, a given wave length of 
radiation could be brought to a s})eciilc 
position in the image plane of the 
spherical mirror. The image ] )Iane in 
most of the experiments was about 14 
meters from the spherical mirror, which 
was adjustable in position to provide for 
focusing at any given position. The in- 
strument and the light source, external 
views of which are given in figures 2/1 and 
2B, were housed in a light-tight room 
having a length of about 18 meters. 

Baffles were placed in the spectro- 
graph to trap scattered light. Scattered 
light within the spectrum in the focal 
plane of the spherical mirror was re- 
duced to an exceedingly low value, less 
than 0.1%, by the great distance from 
the last scattering surface, Jiamely, that 
of the flat mirror. Constancy of light in- 
tensity throughout the course of an ex- 
periment was monitored, witli a light 
meter, having a barrier-layer type f)f 
photocell, placed in a portion of the 
spectrum from the edge of the first prism. 

The slit of the spectrograpli was 1.2 
cm. high and could be adjusted to give 
wddths as great as 1.5 cm. It essentially 
acted as a diaphragm on the projected 
image of the positive crater of the carbon 
arc which was used as a light source in 
most of the experiments. The carbon are"’ 
was of the rotating cathode type using 
xVii^ch cored positive carbons. It could 
be operated at 12 kw. power input, an<i 

S Supplied through the courtesy of Warner 
Brothers Theatres. 
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after several minutes’ burning the light image plane was shortened by moving 
intensity at the monitor remained con- the spherical mirror toward the slit, 
stant to within 3%. Under such opera- thereby decreasing the dispersion, in 
tion a carbon lasted about i hour, and, order to double the energy incident 
although the arc would operate without on a leaf in a given time. The spec- 
attention for periods of 10-20 minutes, triim for the greater image distance, 
it was checked much more frequently to which was generally used, measured 
avoid deviations in energy output. Pro- about 2 meters over the visible region 
jection bulbs were used as light sources (4000-7000 A.) and had a height of 
in some of the experiments with the red about 10 cm. 

portion of the spectrum. Stations upon which leaflets were 

An adjustable slit that could be placed during irradiation were es tab- 
placed in the image plane of the spherical lished on a board set in the image plane, 
mirror served to define the spectrum for as shown in figure $A . The position of the 



10“ concave mirror 
front surfoced 


Fig. I.— Diagram of optical path in spectrograph used for irradiation of plant leaves 

energy and wave-length calibration. The spectrum was fixed with reference to a 
radiation passing this slit was focused on particular station in a given experiment, 
the receiver of a lo-junction thermopile, In all experiments with wave-length 
the response of which was calibrated with bands below 5500 A.— i.e., in the violet, 
the aid of a standard lamp placed 6 blue, and green — leaflets were placed flat 
meters from the slit.. Wave-length call- on the board and thus normal to the inci- 
bration was carried out with the spectro- dent light beam (fig. 3d ) . A single leaflet 
graph slit illuminated by a low-pressure was restricted to 10 cm. of the spectrum 
mercury arc. The spectrum position dur- and subtended about 50 A. at 4000 A. 
ing the course of an experiment was and 150 A. at 5000 A. At the highest in- 
checked against the absorption bands of tensities an individual station thus 
a Didymium glass filter (Coming no. covered a spectral region approximately 
512). one and one-half times the effective slit 

The dispersion of the spectrograph at width. 

5000 A. is 15 A. per cm. At this dispersion In the region of the spectrum above 
the radiant intensity at 5000 A. can be 5500 A. dispersion decreased to such an 
as great as 3000 ergs per sq. cm. per sec. extent that a single leaflet placed flat 
for an effective slit width of 100 A. In would have subtended about 200 A. in 
some experiments the distance to the the region of 6000 A. Since use of such a 
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wide band was objectionablej the leaflets objectionable because lower energies in 
for most experiments in this region were this region of the spectrum were still ef~ 
held on wedges at an angle of 30° to the fective. 

light beam, as shown in figure 3.B. The Another procedure in a few experi- 
leaflets thus intercepted bands of only ments consisted in use of a lens arrange'" 
half the previous width or about 75 A. at ment that spread a small wave band of 
5500 A. and 100 A. at 6000 A. The purity the red over a large area in. which leaflets 
of the spectrum in this region was in- could be placed normal to the beam. A 
creased by decreasing the slit width. The lens of 20-cm. focal length was mounted 
consequent reduction in energy was not behind a slit in the image plane of the 


Fig. 2. — Views of spectrograph. . 4 , front view with panel removed^ showing two 60° flint-glass pri.sms 
and front-aluminized flat mirror attached to tangent screw., B, side view, showing light beam after 
passing slit located in cone attached to front of arc lamp. 





BOTANICAL GAZETTE 


SEPTEMBER 


spectrograph upon which a portion of the the same order as those in the blue . This 

red end of the spectrum was incident, arrangement also permitted direct com- # 

The intensity at the surface of the leaflets parison of the effectiveness of radiation 

was dependent upon their distance from at the two ends of the spectrum with 

the lens and could be so adjusted that the leaves placed normal to the incident 

the exposure times could be increased to beam in both cases. 


Fig. 3.— Methods employed to hold leaflets in image plane. A, setup of soybean leaflets held flat in 
image plane. setup of soybean leaflets held on wedges at angle of 30° to light beam. This type of setup 
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Experimentation and results 
Reciprocity relationships, overnight 

THRESHOLD INTENSITIES, EFFECT OF 
LEAF POSITIONS, AND IRRADIATION AT 
VARIOUS TIMES AFTER THE START OF 
THE DARK PERIOD 

In experiments with the spectrograph 
different energies of irradiation for a 
particular wave-length region were given 
by varying time of exposure at constant 
intensity rather than by varying the in- 
tensity. With either time or intensity 
varying, it was necessary to test the reci-* 
procity law, which states that the prod- 
uct of the duration and the intensity of 
light that will produce a certain effect is a 
constant. The validity of the spectro- 
graph procedure required that the in- 
hibiting effects on flowering caused by 
equal energies produced by such varia- 
tions be constant within reasonable 
limits; that is, the procedure required 
that the reciprocity law hold for the fac- 
tor of time and intensity over a range of 
approximately 1--60 minutes. 

The reciprocity law was tested with 
both soybeans and cockleburs. The 
plants in all cases were defoliated in the 
manner previously described for the 
spectrograph experiments. They also re- 
ceived the same photoperiodic treat- 
ment; that is, the soybeans received six 
cycles of 10 hours of light and 14 hours 
of dark, and the cockleburs, three cycles 
of 12 hours of light and 12 hours of dark. 
The dark-period interruptions were near 
the middle in each case. 

In any given experiment a single light 
source was used for the dark-period in- 
terruptions, and the desired intensities at 
the leaf surface were obtained by placing 
the plants at appropriate distances from 
it. The light source could have been any 
type that gave visible radiation in an ef- 


fective region. In one experiment with 
Biloxi soybeans (table i), an incan- 
descent-filament lamp was used with a 
no. 244 Corning H.R. Lantern-red filter 
of standard |-mch thickness. Three 
groups of seven lots of ten plants each 
were included in the experiment. These 
groups received dark-period interrup- 

TABLE 1 

Biloxi soybean reciprocity experiment in 

WHICH INTENSITIES WERE ADJUSTED SO 
THAT SEVERAL DIFFERENT QUANTITIES OF 
ENERGY WERE EACH APPLIED IN THREE DIF- 
FERENT DURATIONS OF TREATMENT. RED 
LIGHT FROM A NO. 244 CORNING GLASS FILTER 
IN FRONT OF A 300-WATT INCANDESCENT- 
FILAMENT LAMP USED FOR DARK-PERIOD 
INTERRUPTIONS 


Lot no. 

Relative 

ENEKGY 

No. OF ELOWEK PKIMURWA 

POR.MED f)N TEN PLANTS ii'OLL<nV- 

ING DIJ-'PERKNT DURATIONS Oi’ 
D.;VRK-PERI OD LS TERR UPTIOK * 



2 min. 

1 6 min. 1 

18 min. 

I 

1.00 

24 

23 

14 

2 

J.67 

16 

j 8 

14 

3 

2.34 

6 

4 

6 

4 

3.00 

7 

0 

4 

5 

3.64 

i ■■ 2 

r 

0 

6 

4-31 

0 

0 

! 0 

7. ........ . 

5.00 

0 

0 

0 


* Controls had thirty- two flower primordia on ten plants. 


tions of 2, 6, and i8 minutes, respective- 
ly. The seven lots of each group were sub- 
jected to intensities such that cor- 
responding lots of each group received 
the same total energies and successive 
lots within groups received progressively 
greater energies. The experiment in- 
cluded one lot of ten control plants which 
received no dark-period interruptions. 
With increasing energy in each group 
there was generally a decrease in number 
of flower primordia, the greatest changes 
occurring between thefirst andsecond and 




the second and third levels, but floral ini- 
tiation in corresponding lots of the three 
groups was about the same at correspond- 
ing energy levels. This indicates that, with- 
in the limits of time and intensity tested in 
this experiment, the reciprocity law held 
as closely as could be expected from the 
type of measurements performed with 
such biological material. 

Reciprocity experiments on Biloxi soy- 
beans similar to the above were also car- 
ried out with filtered radiation from a 
6oo-watt G.E., a.c. Uviarc. The radiation 
was chiefly restricted to the mercury 
lines at 5461, 4358, and 4047 A. Energies 
required to suppress initiation of flower 
primordia were equivalent within a fac- 
tor of two for exposures of 5, 12, 15, and 
30 minutes. These times encompass the 
ones later used in determining the action 
curve for the violet and blue portions of 
the spectrum. 

A reciprocity experiment with cockle- 
bur was conducted in which the source 
of radiation for the dark-period inter- 
ruptions was an unfiltered incandescent- 
filament lamp. The intensities of radia- 
tion were so adjusted that duration of 
interruption could be varied from 30 
seconds to 64 minutes at seven con- 
stant-energy levels that differed from 
one another by a factor of slightly less 
than 1.5. The six plants of each experi- 
mental lot were subjected to dark-period 
interruptions within a period starting an 
hour before and ending an hour after the 
middle of the dark period; that is, during 
the sixth and seventh hours after the 
start of the i2~hour dark period. 

Floral initiation was prevented in 
half or more of the plants of all but three 
lots at relative energy levels of 4.0 or 
higher (table 2) . In all lots that received 
lower relative energies, on the contrary, 
two- thirds or more of the plants initiated 
flowers. Thus, the energies required to 


suppress floral initiation in the various 
groups were constant within the factor of 
1.5 used between successive lots of a 
particular group. 

Determinations were made for soy- 
beans of, the minimum intensity of il- 
lumination necessary to suppress floral 
initiation when given throughout the en- 
tire 14-hour dark period. In these experi- 
ments lots of plants were placed at vari- 
ous distances from a low-wattage incan- 
descent-filament lamp in the same way as 
for one irradiation time of a reciprocity 
experiment. Three experiments, in each 
of which several lots of ten plants were 
used, gave the threshold intensity as 
o.oi, 0.02, and 0.02 foot-candles, respec- 
tively. The corresponding energies re- 
ceived by the leaflets of the plants were 
the same, within a factor of 3, as those 
required to prevent floral initiation when 
they were given in short photoperiods 
near the middle of the dark period. 

The overnight threshold intensities for 
suppression of initiation of flower pri- 
mordia by soybeans and cockleburs were 
directly compared. The soybeans were 
illuminated with unfiltered incandescent 
radiation for each of 6 nights of 14 hours 
as usual, and the cockleburs in two lots 
for 3 and for 6 nights of 12 hours each. 
The threshold intensity for the soybeans 
in this experiment was o.oi foot-candles; 
that for the first lot of cockleburs was 
O.OI foot-candles and for the second 0.02 
foot-candles. Thus the two species, when 
compared under these conditions, re- 
quired about the same intensity of con- 
tinuous illumination to prevent floral 
initiation. 

Overnight experiments were also car- 
ried out with violet light obtained by 
filtering the radiation from a 300-watt in- 
candescent lamp through a no. 51 1 Corning 
Lantern-blue filter of |-inch thickness. 
Fifteen soybean plants placed 2 meters 
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from the light produced thirty-one flower 
primordia while fifteen plants held in the 
dark for the 14-hour nights produced 
forty. These results indicated that such 
a light had little if any effect in inhibit- 
ing floral initiation and that it could 
therefore be used as a safe-light during 
the setting-up of plants for the various 
experiments. To provide a still greater 
factor of safety, a loo-watt incandescent 
lamp was substituted for the 300-watt 
one. This lamp gave illumination suf- 


Since in the spectrograph experiments 
several lots were treated during a 2- hour 
period, it was necessary to know whetlier 
or not the energy reciiiired to jirevent 
floral initiation was constant throughout 
this period. To obtain data on this 
a succession of threshold ex])e rim cuts 
was performed in which each experinumt 
was started at a different time during the 
dark period. The intensity ranges were 
so adjusted that durations of interrup- 
tion were 2-4^ minutes for soybean and 


TABLE 2 

COC.KLEBUR RECIPROCITY EXPERIMENT IN WHICH INTENSITIES WERE ADJUSTED SO THAI' SIA’ERAL 
DIFFERENT QUANTITIES OF RADIANT ENERGY WERE EACH APPLIED IN EIGHT DIFFERENT DURA- 
TIONS OF TREATMENT. WHITE LIGHT FROM INCANDESCENT-FILAMENT BULB USED AS LIGHT SOURCE 


Lot no. 

Relative 

ENERGY 

No. OF PL.WTS PER LOT OF SIX THAT FORMED FLOWER PRIMORDIA FOLIO WING 
DIFFERENT DERATIONS OF DARK-PERIOD INTERRUPTION’*' 

30 sec. 

I min. 

2 min. 

4 min. 

8 min.f 

8 min.f 

16 min. 

i 

. i 

32 mm. 

64 min. 

1 

1. 00 

5 

6 i 

6 

6 

6 

'6 I 

6 

6 

6 . 

2 

1. 41 

6 

6 

6 

S 

6 

4 I 

6 

6 

6 

3 . 

2.00 

6 

6 ! 

6 

6 

4 

4 

6 

5 

6 

4 

2.83 

6 

6' 

6 

4 

4 

6 1 

5 

4 

4 

5 

4.00 

4 

0 

0 

4 

4 

0 

I 

r 

2 

6 . . . 

5.66 

2 

3 

0 

0 

0 

0 

. I 

I 

0 



8.00 


2 

0 

I 

2 

0 

0 

0 

0 


* All uninterrupted controls flowered. 

t Light source for first five exposure times differed from that of the last four. An S-minute lot was run witii both sources. 


fident for necessary manipulations and 
identifications of plants. 

Leaflets of soybean plants in the reci- 
procity and threshold experiments were 
placed so that the surfaces were oriented 
between normal and 45° to the light 
beam. In the experiments with the spec- 
trograph, leaflet surfaces were placed 
normal or at an angle of 30° to the light 
beam. Two experiments were conducted 
to test the relative effectiveness of irra- 
diation under these various conditions. 
When the leaflets were placed at 30°, 
about twice as much energy was required 
as when the leaflets were placed normal 
to the light beam. 


4-9 minutes for cocklebur. The energy 
required to prevent floral initiation in 
Biloxi soybean (table 3) was constant 
over the period from i hour before until 
2 hours after the middle of the dark 
period. Results of two other similar tests 
indicated that about one and a half times 
more energy was required to supprc.ss 
formation of flower primordia if ajjplied 
at the end of 6 hours after the beginning 
of the dark period than if applied at the 
end of 7 or 8 hours. In view of these re- 
sults all the dark-period interruptions for 
the spectrograph on soybeans were per- 
formed within a 2-hour inten,'al starting 
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30 minutes before the middle of the 14- 
hour dark period. 

Similar experiments conducted for 
cocklebiir (table 4) gave essentially the 
same results. Results obtained during an 
interval of 2J hours beginning at the 
middle of the dark period were practical- 
ly constant. This was verified in four 


other experiments. The spectrograph ex- 
periments were restricted to the 2-hour 
period immediately following the middle 
of the 12-hour dark period. 

A striking feature of these experiments 
was the asymmetry in plant response 
with respect to the middle of the dark 
period. Results presented in tables 3 and 


TABLE 3 

Effect on Biloxi soybean of irradiation with white light at several energy 

LEVELS and at VARIOUS TIMES AFTER START OF I4-HOUR DARK PERIOD 

Durations of irradiation ranged from 4 to 9 minutes 


Relatito 

ENERGY 

No. OF PRIMOEDIA FORMED PER LOT OF EIGHT PLANTS FOLLOWING IRRADIATION 

AFTER V.‘ 1 RI 0 US NUMBERS OF HOURS FROM START OF DARK PERIOD 

4.0 

4-5 

5.0 

6.0 

7.0 

8.0 

9.0 

10. 0 

10.5 

ll.o" 

rr.5 

1. 00. ... . 





9 







X.5O 




6 

0 

TO 

•^0 

* / 




2.25 




4 

10 


9 

X3 

15 



340 




2 

2 

I 

( 

I 

X 5 

8 

XS 

10 

13 


5-10 

4 

s 

6 

0 

I 

0 

0 

4 

2 

9 

10 

7.60 

8 

5 

2 

0 

0 

0 

0 

I 

I 

7 

9 

11.40 

7 

7 

I 

0 

0 

0 

0 

0 

0 

I 

II 

17.00 

2 

0 

0 

0 





- 


4 

25.60 

I 

0 

0 








3840 

0 

0 

0 





! 


0 

9 

57.60 

0 

0 

0 







0 

2 











4 

Controls*.. 

7 

16 

12 

22 


* Experiment conducted with plants in four dififerent control rooms. Each group to be compared with its own 


TABLE 4 

Effect on cocklebur of irradiation with white light at several energy 

LEVELS AND AT various TIMES AFTER START OF 12-HOUR DARK PERIOD 

Durations of irradiation ranged from 2 to 4| minutes 
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4 are representative of others obtained. 
They show, for instance, that at least 
three times as much energy was re- 
quired to suppress floral initiation of 
cocklebur when given 1.5 hours before 
the middle of the dark period as con- 
trasted with 1.5 hours after the middle. 
Soybeans exhibited a similar difference 
in sensitivity to treatments at 3 hours on 
either side of the middle of the dark 
period. In general, the asymmetry for 
both plants was such that markedly 
greater energy was required to suppress 
floral initiation when the radiation was 
given appreciably before rather than 
after the middle of the dark period. 

If the time of interruption was so 
placed as to permit a portion of the dark 
period to approximate that required for 
flowering, the response was variable. 
This for soybean (table 3) was illustrated 
by the strikingly different behavior fol- 
lowing interruption at ii or at ii| hours 
after the start of the dark period. Similar 
results were obtained in experiments 
undertaken to determine the critical day- 
length necessary for flowering of cockle- 
bur. 

Limits ot eftectiveness in 

THE SPECTEXJM 

While spectrograph experiments were 
performed with high energies at wave 
lengths as great as 9000 A., it was still 
considered necessary to test further for 
possible effectiveness of infrared radia- 
tion in preventing floral initiation. This 
was done by irradiating fifteen soybean 
plants throughout the night at 1.2 meters 
from a 300-watt lamp behind a Corning 
no. 254 filter of J-inch thickness which 
did not transmit wave lengths shorter 
than 7500 A. These were compared with 
fifteen other plants that received no 
dark-period interruptions. All plants of 
each lot formed flower primordia, and 


13 

there was no difference Ijetwecn Inis in 
the numljcr of primm-dia ibrnu'd. {July 
about 10 seconds’ irradiation in the re- 
gion of '6500 A. under these conditions 
would have been required to prevent 
initiation of primordia. 

Spectrograph experiments were not 
completely satisfactory in establishing 
the nature of the photoperiodic res]>onsc 
to radiation in the near ultraviolet. Idfis 
was caused by a probable lower or ]>os- 
sible zero effectiveness of such radiation, 
by the steadily decreasing intensity in 
the radiation source at shorter wave 
lengths, by the increased dispersion of 
the spectrograph, and by the decrease in 
transmission of the prisms. For these 
reasons tests were made with the 3650 A. 
mercury line isolated by means of filters. 
The radiation source was a 600-watt 
G.E., a.c. Uviarc equipped with no. 586 
and no. 738 Corning filters, each of 
J-inch thickness. Ten soybean plants ex- 
posed for I hour at i.o meter from this 
source initiated twenty flower primordia, 
while ten control plants that received 
no dark-period interruption initiated 
twenty-four primordia. Thus at 3650 A., 
energies as great as 2000 kiloergs per 
cm."' did not inhibit the formation of 
flower primordia, whereas lower energies 
were inhibitory in even the least effec- 
tive region of the visible spectrum. 

Action spectrum for prevention 

OF FLORAL INITIATION BY 

Biloxi soybeans 

After a number of preliminary^ tests, 
fourteen spectrograph experiments were 
performed to determine energies required 
at various wave lengths to siii)press 
initiation of flower primordia by Biloxi 
soybeans. Six of these were designed 
primarily for the violet-blue portion of 
the spectrum, but they included a con- 
siderably wider region. The maximum 
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time of exposure was 21 minutes, and them between points at which sharp 
each exposure was repeated on four breaks occurred in the numbers of flower 
lots of plants. primordia produced. The maximum en- 

In one experiment in this region (fig. ergy required to prevent floral initiation 
4), 220 plants were irradiated at fourteen in this region was about 1 200 kiloergs at 
different wave-length regions and for six 4800 A. Below this wave length the re- 



4000 4400 4800 5200 5600 6000 6400 

WAVE LENGTH IN ANGSTROM UNITS 


Fig. 4.— Response curve for suppression of floral initiation in Biloxi soybean in blue-violet region of spec- 
tium. Leaflets were held at fourteen different wave-length stations for six different durations. Resulting 
energy at each wave-length station is plotted, and superimposed on energy lines are total numbers of flower 
primordia formed by lots of four plants which received a specific wave-length band at different energy 
levels. Response curve was drawn freehand through energy lines, crossing them between points at which 
sharp breaks occurred in number of flower primordia produced. Dotted portion of curve at 4400 A. suggests 
the possibility of an enhanced effect in this region. Results of an experiment to compare effectiveness of 
radiation at 6400 A. with that in blue-violet region are shown at extreme right of figure. 

different durations. The resulting ener- sponse curve approximately .followed the 
gies at each wave-length station, are radiation curve (i.e., 2imuniite ex- 
plotted on the graph. Superimposed on posures were more effective at all wave 
these energy lines are the total numbers lengths than 14-minute exposures) 
of flower primordia formed by lots of Thirty-six plants were maintained as 
four plants which received a specific short-day controls. These developed an 
wave-length band at different energy average of 2.4 flower primordia each or 
levels. A response curve was drawn free- 9.6 for a group of four plants. The re- 
hand through the energy lines, crossing sponse curve of a second experiment 
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(fig. s), extending to slightly shorter Response curves taken from the six 
wave lengths j had the same general fea- experiments in which the violet-blue por- 
tiires of that of figure 4. In both these tion of the spectrum was used (fig. 6) 
experiments and in one previously de- show approximately a twofold variation 
scribed (is), radiation near 4400 A. was between the extreme curves. The rela- 
perhaps somewhat more effective in pre- tive response in the various wave-length 
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Fig. s.—Anotlier response curve for suppression of floral initiation in Biloxi soybean in blue-violet region 
of spectrum. 

venting floral initiation than was that regions for a particular experiment w^as, 

of neighboring regions. No evident ef- of course, far less variable; that is, the 
feet of the type suggested by the dotted shape of a response curve was determined 
line of figure 4 was observed in the very accurately within each experiment, 
other experiments in the violet-blue por- but the absolute value of the ordinates 
tion of the spectrum. If such an effect varied somewhat from one experiment to 
occurs in this region, it is close to the another. This variability between ex- 
limit of detection imposed by the periments was the result of the variable 
method of measurement and the vari- environmental conditions under which 
ability of the biological material. the plants were produced in the green- 
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4000 

WAVE 


4400 4800 5200 

LENGTH IN ANGSTROM UNITS 


Fig. 6. — Response curves for suppression of 
floral initiation in six different experiments with 
Biloxi soybean in blue-violet region. There is ap- 
proximately a twofold variation between extreme 
curves. 


house, since experiments were performed 
at all seasons of the year. 

Seven experiments were performed in 
the region between 5400 A. and 7800 A. 
For these experiments the leaves were 
held against the wedges at an angle of 
2 , 0 ^ to the light beam, as previously de- 
scribed. 

In one experiment (fig. 7) the range 
from 5500 A. to 6800 A. was covered by 
stations the centers of which were 5.5 
cm. apart. The range from 6800 A. to 
7900 A. was covered by five stations that 
were 3.75 cm., apart. A narrow slit was 
used in the spectrograph in order that 
the effective slit width could be main- 
tained at about one-half the width of the 
leaf projected, along the light beam. The 
solid curve (fig. 7) was taken as the one 
representing the plant response for com- 




5800 6200 

WAVE LENGTH 


6600 7000 7400 

IN ANGSTROM UNITS 


7800 


Fig. 7.-~Response curve for suppression of floral initiation in Biloxi soybean in range from 5500 A. to 
7900 A. Solid curve was taken as one representing the response, while broken-line curve illustrates gradation 
effect with decreasing energy. 
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parison with the action curve in the 
violet-blue portion of the spectrum. It 
followed the energies required at the 
various stations for practically complete 
suppression of flower primordia. A dotted 
curve below this one illustrates a grada- 
tion effect of decreasing energy. 

The long-wave-length limit of radia- 
tion effective in preventing floral initia- 
tion was established by four spectro- 
graph experiments. One of these (fig. 8) 
was particularly designed to trace the re- 
sponse curve as far toward long wave 
lengths as was feasible. Approximately 
2300 kiloergs per sq. cm. were required to 
suppress primordium development at 
7300 A. However, some effect on floral 
initiation was possibly caused by high 
energies at 7700 A. 

Response curves for seven separate ex- 
periments (fig. 9) in the yellow-red por- 
tion of the spectrum show very close red and the violet and at the least effeo- 
agreement in the region for maximum tive region in the blue portion of the 

spectrum are shown in table 5. The most 
direct comparison between these values 
was given by the experiments of 9-26 -45 
and 9-17-45, which were designed to 
compare effectiveness of radiation in a 
narrow region of the red with that in the 
blue- violet region of the spectrum. These 
experiments made use of the previously 
described lens arrangement at the red 
end of the spectrum centered at 6400 A., 
which permitted all leaves t 


7200 


6000 6400 6800 

WAVE LENGTH IN ANGSTROM UNITS 


Fig. 9. — Response curves for seven separate ex- 
periments in yellow-red portion of spectrum. 


C02000 


CONTROL- 9.2 


.0 be placed 

normal to the light beam and increased 
the radiation times in the red to tlie same 
order as those of the violet-blue. The 
data of the experiment of 9 -26 -45 (table 
5) are shown with the results obtained at 
6400 A. on an ordinate one-tenth that 
used for the rest of the data (fig. 4). In 
this experiment the energ}' reriuired to 
prevent floral initiation at 4800.!., the 
least effective region in the visible, was 
about sixty times as great as the energy 
The required at 6400 A. 


6400 6800 7200 7600 8000 

WAVE LENGTH IN ANGSTROM UNITS 


Fig. 8.— -Results of one of the experiments to 
establish long-wave-length limit of radiation effec- 
tive in preventing floral initiation. 
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TABLES 

Summary of energies required to prevent 

FLORAL INITIATION IN BiLOXI SOYBEAN IN 
MOST EFFECTIVE REGIONS OF RED AND VIOLET 
AND IN LEAST EFFECTIVE REGION OF BLUE 


Kiloesgs per sq. cm. 


9-26-45. 

9-17-45. 

7“iO"44 . 

6“ 5-44 

5-29-44 . 

S-*-22-44. 

S- 8-44. 
9- 4 - 44 - 
8-22-44. 
7-31-44. 
2-27-45. 


1200 450 Normal 
1500 500 Normal 


900 200 Normal 

1000 220 Normal 

1100 300 Normal 

1000 200 Normal 


The data of all experiments with 
Biloxi soybeans were combined to give 
an action spectrum (fig. 10). The experi- 
ments of 9-26-45 and 9-17-45 (table 5) 
were very helpful in establishing a com- 
mon ordinate for the two halves of 
the curve, a matter concerning which 
there had previously been a twofold fac- 
tor of uncertainty (15). 

Action spectrum for prevention of 

FLORAL initiation BY XANTHIUM 

saccharatum 

The action spectrum for Xanthium 
was determined from the results of four 
experiments in the red portion of the 
spectrum and four in the blue. The de- 
tailed data presented for certain of those 
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3500 4000 4500 5000 5500 6000 6600 7000 7500 
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Fig. lo.—Composite action spectrum for suppression of floral initiation in soybean and cocklebur. A, 
points on soybean curve give energy required at middle of a 14-hour dark period to prevent floral initiation. 
Wave lengths for maximum photosynthesis and wave-length limit as measured by Hoover (8) are shown. 
B, points on cocklebur curve give energy required at middle of a 12-hour dark period to prevent floral 
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experiments (figs, ii, 12, and 13) were 
expressed in terms of the number of 
plants per lot of four that initiated flower 
primordia following treatment. 

The action curves (fig. 14I for the four 
experiments in the red region, based 
upon about 1200 plants, agreed with one 
another within reasonably narrow limits 
between 5400 A. and 6900 A. The bro- 
ken-line curve approximates a mean for 
the four experiments, although it gives 
relatively little weight to the one re- 
sponse curve that shows lowest energy 
between 5500 and 6600 A. 

Since the experiments with cocklebur 
in the red region were performed with the 
carbon-arc lamp, the times of exposure 
to produce a given amount of energy 
were very much shorter than those for 



Fig, II.— Response curve for prevention of floral 
initiation in cocklebur. Figures superimposed on 
energy lines indicate number of plants from each lot 
of four that formed flower primordia. 

the soybean experiments performed with 
the projection lamp (fig. 7}. One of these 
cocklebur experiments (figs, ii and 12), 
which was performed with energies as 
great as 2500 kiloergs per sq. cm., showed 
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that radiation at wave lengths longer 
than 7000 A. was very ineffective in ] >re- 
venting floral initiation in cocklebur. 
This limit thus occurred at a somewhat 
shorter wave length for cocklebur tlian 



Fig. 12. — Continuation of lower part of curve 
shown in fig. ii. Region of maximum effectiveness 
for preventing floral initiation in cocklebur was 
about 6300 A. 

for soybean. The region of maximum ef- 
fectiveness for cocklebur was about 
6300 A. and was somewhat more shaqjly 
defined than in the case of soybean. 

Preliminary experiments indicated 
that it would be difficult to obtain ade- 
quate energy in the blue })ortion of the 
spectrum to permit tests equivalent to 
the ones used for soybeans. The energy 
in the specific wave-length regions was 
accordingly made as great as the limiting 
factors permitted by reducing the dis- 
tance to the image plane, broadening the 
slit, running the arc at the maximum 
power input, and increasing the time of 
irradiation as much as was feasible. 'Fhe 
resulting decrease in dispersion and re- 
solving power was not sufficiently great 
to interfere with the results. Under the 
conditions employed floral initiation of 
cocklebur could be supf)rcssed with ex- 
posures of 50 minutes in the blue-violet 
region from 3900 A. to 4800 A. and with 
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considerably shorter time at longer wave 
lengths. With such long exposures it was 
not possible to treat more than four 
plants per station during the 4-hour du- 
ration of an experiment. However, since 



Fig. 13. — Response curve for prevention of floral 
initiation in cocklebur in blue-violet portion of spec- 
trum. Data on extreme right show results of an ex- 
periment that was used to compare effectiveness in 
blue-violet region of spectrum with that in red 
region. 

the dispersion was so great in the blue- 
violet region from 3900 A. to 4800 A., 
adequate sampling was attainable by 
confining the 50-minute treatments to 
five alternate stations. The intervening 
stations in this range and all stations 
above 4800 A. were used for the shorter 
exposures (fig. 13). The region of least 
effectiveness was near 4800 A., and this 
region was also found least effective in 
soybean, but the energies required to 
prevent floral initiation were far greater 
for cocklebur. 

Response curves from the four ex- 
periments performed in the blue- violet 
region were very similar (fig. 15) and re- 
sulted from experiments performed with 
different lots of plants grown during the 
period of May -August, 1945. Any vari- 
ability between these lots did not alter 
the general character of the curves for 
the action spectrum. 

Direct comparison was made of the 
effectiveness of radiation in the blue- 
violet portion of the spectrum with that 


of the most effective part of the red in 
the same way as described for soybeans. 
These comparisons were made during 
the course of the four experiments in the 
blue region. The energy ratios between 
the least effective region of the blue and 
the most effective portion of the red 
(table 6) were 250:1, 150:1, 200:1, and 
220:1 in the four experiments. These 
ratios were above three times greater 
than found for soybeans, owing chiefly 
to lower effectiveness of the blue radia- 
tion. Aside from this, the responses of 
soybeans and cockleburs were closely 
similar, as shown in the composite curve 
of the action spectrum (fig. loi^). 

Discussion 

Experiments reported were under- 
taken to gain information about the 
initial step in the prevention of flowering 



Fig, 14.— -Response curves for cocklebur from 
four experiments in yellow-red region of spectrum 
are shown by solid curves. Broken-line curve shows 
average selected from this group. 

in short-day plants by the action of light. 
Many workers (4, 12, and 13) have 
shown that the photoperiodic reaction 
occurs in the leaves and that it can be 
controlled by the action of visible 
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radiation. It follows, therefore, that some 
colored compound in the leaf is involved 
in the initial step of this photoreaction. 
This compound might be closely allied 
to the material that is transported to the 
meristem where it regulates initiation, 
or it might be one of the common leaf 
pigments which enters into photochemi- 
cal reactions thereby preventing the ap- 
pearance of a regulatory substance at 
the terminal meristem. 

The simplest observation to be made 
from the data is that both Biloxi soy- 
bean and cocklebur have action curves 
that are similar in many respects. Both 
plants respond photoperiodically to radi- 
ation from all portions of the visible 
spectrum, but the energy required to 
prevent floral initiation in either plant 
varies greatly over the spectrum. Posi- 
tions of minimum and maximum effec- 
tiveness in the spectrum and the long- 
wave-length limit of response are the 
same for both plants. This, at least, is an 



Fig. 15. — Individual action spectra for four ex- 
periments with cocklebur in blue-violet portion of 
spectrum are shown b}?" solid curves. Selected aver- 
age is shown by broken-line curve. 

indication that the same pigment or pig- 
ments are involved in the photoperiodic 
response of the two plants. 

The ideal case for studying a biological 
response to light is one in which the ac- 


tion curves can be corrected for scattered 
light and for absorption l)y screening 
pigments, the latter requiring a firiori 
knowledge about the effective pigment. 
If possible, the system should not aljsorlj 

TABLE 6 

Summary OF energies rkouirko m hrfvmx r 

FLORAL INITIATION IN COCKLKHUR !X MOST 
EFFECTIVE REGIONS OF RKf) AM) ViOLK T AN D 
IN LEAST EFFECTIVE REGION Ol- HLCK 


Date 

EnERGV in IvILOKIKiS 

PER NQ. CM. ^ 

Ll-'i!' i’li'.l- 

TltiX IN RK- 

l.VnoX Tn 

I.ir.HT 

J 5 K\M 

' 

Red 

Blue 

Violet 

12- 4~44 

60 



Nortuiil 

6 ~ 6-45 

50 




7 ~ 3-45 

25 



30" 

7-18-45. • ■ • 

30 



30' 

8 - 21-45 

30 

7500 

0 

0 

Xoniial 

7 “ 7 " 45 • • • . 

55 

8500 ; 

2500 

•Vornial 

5-31-45. . . . 

50 

I 0000 

3000 

Normal 

8 - 7-45 

30 

6500 : 

2500 

Xornuil 


too much of the incident energy. These 
conditions are not realized in measure- 
ment of the photosynthetic action curve 
for higher plants because of leaf struc- 
ture but have been attained for iinkei- 
lular green algae (6). In the case, of 
photoperiodic control of flowering no 
method has yet been devised to avoid the 
complexities of light absorption in the 
leaves of the plants. 

The possibility that the action 
might be an expression of alisorption by 
a common leaf pigment will l)e examined 
in detail. Pigments in cjuestion are carot- 
inoids and chlorophylls a and b, Tlu^ 
action spectra indicate cfhaliverufss of 
light at wave lengths as long as 7000 A. 
in controlling floral initiation and tlnis 
definitely rule out the first class of com- 
pounds other than in their screening 
action. The features of the action curve 
that suggest that chlorophyll may be the 
effective pigment are the long-wave- 
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length limit, the general effectiveness reaches a slight maximum near 4400 A. 
throughout the visible, the most rapid and decreases greatly between 4400 and 
change in response at the steepest por- 4000 A. The maximum effectiveness for 
tion of the chlorophyll-absorption curve, stopping floral initiation apparently 
and the presence of two maxima of re- takes place at shorter wave lengths, 
sponse, one in the red and the other in About half the experiments with the 
the violet. Many factors must be dis- violet-blue portion of the spectrum sug- 
cussed in considering the possibility that gest an enhanced effect of radiation near 
chlorophyll may be the effective pig- 4400 A., as indicated by the dotted line on 
ment, and, in the end, decision must re- figure 4. The least effective portion of the 
main for future work. spectrum is near 4800 A. for both soy- 

Familiar action curves involving bean and cocklebur. The two species, 
chlorophyll as the effective pigment are however, differ significantly in the effec- 
those for photosynthesis. These curves tiveness of such radiation in comparison 
have been determined for wheat by with the most sensitive region in the red. 
Hoover (8) and for Chlorella suspensions Ratios of energies required to stop floral 
by Emerson and Lewis (6). In the initiation are : 

former case the amount of CO^ fixation Soybean E (4800 A.) ;E (6400 A.) = 60: i 
for unit incident energy varies but little Cocklebur E (4800 A.) : E (6400 A.) = 200 : i 
across most of the visible spectrum, 

which is to be expected with great This region of minimum photoperiodic 
amounts of the absorbing pigment in the effectiveness is near the wave lengths at 
light path. In the latter investigation which chlorophylls a and b have their 
the oxygen evolution was shown to follow maximum absorption coefficients, 
the absorption spectrum of chlorophyll If chlorophyll is the pigment respon- 
with constant quantum efficiency. Ex- sible for the initial step of photoperiodic 
pressed in another way, maximum photo- control of flowering, then the immediate 
synthesis for dilute Chlorella suspen- reaction takes place in the chloroplasts, 
sions was obtained for unit incident since absorbed energy can be transferred 
energy at the absorption maxima and only a distance of a few molecular di- 
less in the more transparent regions ameters. The absorbed energy effective in 
(Emerson and Lewis, fig. 7). Both preventing flowering of short-day plants 
curves, however, have the same long- is probably transferred to some corn- 
wave-length limit of response. This limit, pound appearing in a chain of chemical 
moreover, is the long-wave-length limit reactions that do not depend upon ab- 
of light absorption by isolated chloro- sorbed light. In the absence of light a 
plasts (5). It corresponds within the limit product of these reactions reaches suffi- 
of experimental error to the long-wave- dent concentration so that the amount 
length limit for photoperiodic response of diffusing away from the chloroplasts and 
soybean and cocklebur, and this corre- finally reaching developing meristematic 
spondence might be expected irrespec- tissue is sufficient to control develop- 
tive of the detailed nature of the two ment. The compound to which the en- 
processes provided the red absorption ergy is transferred might thus undergo a 
bands are effective in both. side reaction, such as oxidation, which 

Photosynthetic effectiveness for wheat would break the chain of reactions lead- 
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ing to the final effective compound. The 
break could be at any point along the 
chain, including the final reaction. 

If chlorophyll is the effective pigment, 
then possibly the chlorophyll-containing 
cells must absorb enough energy to re- 
duce the concentration of a compound 
entering the photoreaction to some defi- 
nite but unknown average level. Radia- 
tion in the region of maximum absorp- 
tion will be more reduced in intensity at 
the chloroplasts farthest from the irradi- 
ated surface than will radiation having 
less absorption. If the energy received is 
below a certain value, these particular 
chloroplasts will still supply the active 
compound. In regions of low absorption 
of light by the chloroplasts, near 5600 A., 
for example, radiation is less reduced at 
the chloroplasts farthest from the irradi- 
ated surface, and the actual energy ab- 
sorbed is possibly greater than for the 
region of the maximum absorption co- 
efficient. As a result less energy could be 
required, as actually observed, for sup- 
pression of floral initiation at 5600 A. 
than at 4800 A., where the absorption 
coefficient is greater. 

Change of light absorption with depth 
in an absorbing medium might be con- 
sidered in greater detail to illustrate the 
effect. The intensity at a particular depth 
(x) is given by 

where Jo is the incident intensity and a 
is the absorption coefficient. Energy ab- 
sorbed at a particular depth is given by 
the derivative of the above expression 
with respect to depth, or 


At the surface of the absorbing medium x 
is zero a,nd dl/dx is -- aJo. Thus the energy 
absorbed at the surface for a given inci- 


dent energy depends directly upon the 
absorption coefficient. As the dcptli in - 
creases (:r>o), the absor|>tion de- 
creases, that is, decreases vvilli in- 
creasing values of Xy butat a dilierent rate 
for each absorption coefficient (a,;. Tlie 
rate of change of absorptioii decreases as 
the absorption coefficient decreases, and 
a depth is finally reached at which ab- 
sorption of strongly absorbed radiation 
becomes less than that V>f weakly ab- 
sorbed radiation. This change ol al:)sorj)- 
tion with depth in a homogeneous 
medium is illustrated in figure i6 for 
three absorption coefficients correspond- 
ing to three different wave lengths of in- 
cident light having the same intensity i 0 
at each wave length. At a depth of 2.5 
units ( x= 2.5) about ten times as much 
energy is absorbed per unit of volume for 
an absorption coefficient of 0.5 as for 2.0. 
At the surface, of course, the absorption 
was four times as great for the latter as for 
the former. In general, the effect of self- 
screening by the chloroplasts or within a 
chloroplast could be of the ty|)C to 
broaden the region of relative great sen- 
sitivity in the red, orange, and yellcnv, 
as contrasted with the absoiption sr)ec> 
trum of chlorophyll, and to reduce the 
effectiveness of the blue. 

Consideration of ])hototro];)ic move- 
ment of plants is of interest in contrast to 
photoperiodic control of flowering. The 
action curve for the bending of the Avena 
coleoptile was first measured by Blaauw 
(i) and later by Johnston (9). Both ob- 
servers found a maximum trending re- 
sponse in the neighborhood of 4400 A. 
with a second near 4750 A, Radiation 
beyond 5500 A. docs not produce beiul- 
ing. Wald and Du Buy (17) indicated 
that the effective pigment is probably a 
carotinoid, and, by extracting oat co- 
leoptiles, they obtained a solution having 
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an absorption spectrum similar to the 
action curve. The initial step is the ab- 
sorption of light by the carotinoids of the 
plant, but control of bending is brought 
about through the action of auxins which 



PATH LENGTH , X 

Fig. i6. — Change in energy absorbed with depth 
for three absorption coefficients corresponding to 
three different wave lengths of incident light: 

(ordinates) =— a/o 

ax 

are colorless compounds, A reaction 
chain of considerable length undoubted- 
ly exists between the initial step and the 
final control. 

Reciprocity experiments and experi- 
ments involving irradiation at various 
times after the start of the dark period, 
which were conducted to determine the 


practicability of certain experimental 
routines, also contribute significant data 
concerning the nature of the photo- 
periodic reactions involved. These experi- 
ments indicate that the compound in- 
volved in the photochemical reaction 
either never diffuses from the chloro- 
plasts or diffuses very slowly. 

Stmimary 

1. The purposes of this investigation 
were to obtain quantitative data on the 
photoreactions that prevent flowering of 
short-day plants, from, which an action 
spectrum relating wave length to photo- 
periodic effectiveness of light could be de- 
rived, and to draw such inferences con- 
cerning the nature of the photoreactions 
as the action spectrum would permit. 

2. Experiments designed to give the 
action spectrum made use of a specially 
designed prism spectrograph having a 
dispersion of 15 A. per cm., at 5000 A. At 
this wave length and with an effective 
slit width of 100 A. the energy was about 
3000 ergs per sq. cm. per second with the 
slit illuminated by a carbon arc operated 
at 12 kw. input. 

3. Plants investigated were soybean, 
Soja max (L.) Piper var. Biloxi, and 
coc^lthwx j Xanthium saccharatum Wallr. 
To facilitate irradiation, the foliar sur- 
face of the plants of each species at the 
beginning of an experiment was .reduced 
to a single leaflet or leaf, respectively. 

4. The experimental treatment was 
based on the fact that flowering of 
short-day plants receiving short photo- 
periods can be prevented by interrupting 
each of the accompanying long dark 
periods at or near the middle with a brief 
period of irradiation. In these experi- 
ments minimal energies required to pre- 
vent floral initiation were determined 
for many narrow regions of the spectrum. 
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5. The reciprocity law was tested and 
found to hold for the factors of time and 
intensity within the ranges used for 
dark-period interruption. Flowering re- 
sponse of both soybean and cocklebur de- 
pends on the total radiant energy used 
to interrupt the dark period. 

6. Minimal energies necessary to pre- 
vent flowering depend upon the number 
of hours of darkness elapsing before the 
plants are irradiated but are constant 
over a 2-hour period beginning 30 min- 
utes before the middle of the dark pe- 
riod. 

7. Action spectra for soybean and 
cocklebur are similar in several respects. 
The limit of effectiveness of radiation for 
preventing flowering of both plants is 
near 7200 A., at the red end of the spec- 
trum. Maximum effectiveness for both 
plants occurs over a broad region extend- 


25 

ing from about 6000 to 6800 A. A mini- 
mum of effectiveness of radiation fur 
both plants occurs in the region of 
4800 A., and effectiveness increases again 
at shorter wave lengths in the visi!)le 
portion of the spectnim. 

8. Ratios of energies rerjuired to pre- 
vent flowering in the regions of maximum 
and of minimum effectiveness were dif- 
ferent for the two plants, being aljout 
1:200 for cocklebur and 1:60 for so}'- 
bean. 

9. The possibility that chlorophyll 
may be the effective pigment in the pho- 
toperiodic reaction is examined. 

Mrs. Laura E. Rappleye and Miss 
Emily Duchesne gave valualile as- 
sistance with the various experiments. 

Bureau of Plant Industry, Soils 
AND Agricultural Enginekrisg 
Beltsville, Maryland 
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BREEDING BEHAVIOR AND CHROMOSOME NUMBERS 
IN PROGENIES FROM TWIN AND TRIPLET 
PLANTS OF POA PRATENSIS' 

ETLAR L. NIELSEN 


Introduction 

Many workers have observed that Poa 
pratensis L. develops a high proportion 
of polyembiyonie seeds, and several re- 
ports have been published concerning the 
appearance of mature plants developed 
therefrom. There are few data, however, 
relative to the breeding behavior of the 
plants. It is the purpose of this paper to 
set forth additional observations on this 
problem as well as to correlate them with 
chromosome numbers. 

Review of literature 

VuKULOV (10) found that 5.6% of the 
total number of seeds of P. pratensis 
studied were polyembryonic. Among 
other congeners studied were P. palustris 
L. with 0.8%, P. nemoraUs L. yrith 0.7%, 
P. compressaL. with 0.3%, and P. trMa- 
lis L. with 0.13% polyembryonic seeds. 

^ Results of co-operative studies between the Di- 
vision of Forage Crops and Diseases, Bureau of 
Plant Industry, Soils and Agricultural Engineering, 
and the Wisconsin Agricultural Experiment Station, 
Madison. The statistical computations were made 
by personnel of the Statistical Laboratory of the Col- 
lege of Agriculture. 


Excellent illustrations of twin and triplet 
seedlings accompanied the data. 

The sizes of stomatal openings within 
each of five sets of twins of P. pratensis 
having unequal chromosome numbers 
were compared with those of two sets of 
twins with equal chromosome numbers 
(8). There appeared to be a positive cor- 
relation between chromosome numbers 
and the lengths of the stomata, but the 
number of comparisons possible was not 
sufficiently large to permit Nissen to 
arrive at reliable conclusions. 

Akerberg (1) obtained an average of 
2.9% polyembryonic seeds in P. praten- 
sis. Apomictic types considered in other 
studies averaged 11.2%, sexual ones 
3 -4%, and 37 collections of diverse origin 
9.8% polyembryonic seeds. Approxi- 
mately 13% of thirty- two twin sets con- 
sisted of divergent members, and in an- 
other trial approximately 7% of two 
hundred and sixty-two plants (apparent- 
ly one hundred and thirty-one sets) were 
dissimilar. 

About one half of thirty-one sets of 
twin seedlings of P. pratensis examined 
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by SicovsTED (9) had tlie diploid chromo- 
some number, the remainder having de- 
viating numbers. The seedlings of seven 
of the sets with equal numbers were con- 
sidered to be of equal size, two of almost 
equal size, and seven others had pro- 
nounced differences. The seedlings of the 
fifteen other sets that had members with 
deviating chromosome numbers were 
classified as follows: three pairs were 
equal in size, three other pairs were al- 
most equal in size, and nine pairs differed 
markedly within sets. Some of the latter 
sets were diploid- triploid. There did not 
appear to be any consistency as to which 
member was the more vigorous. One set 
was considered to be haploid-diploid, the 
haploid being the less vigorous as a 
seedling. 

Muntzing (6) examined two hun- 
dred and seventy sets of P. pratensis 
twins. Eighteen plants were triploids, 
two were haploids, and five other deviat- 
ing numbers were observed, tie found 
that approximately 9% of all the plants 
had deviating chromosome numbers. He 
had concluded earlier (5) that usually the 
members of a twin pair have the same 
chromosome number but that sometimes 
one of the twins may be triploid to the 
diploid. The triploid plants were definite- 
ly more vigorous than their diploid 
mates. He suggested the hypothesis that 
in some of the Gramineae there may oc- 
cur two or sometimes three macrospore 
mother cells. As a rule both of the em- 
bryo sacs derived from these macrospore 
mother cells are reduced, but sometimes 
one member may be diploid and the 
other haploid. Fertilization of the egg of 
each of these would consequently give 
rise to the diploid-triploid relationship. 
Likewise when haploid embryo sacs are 
present, the fertilization of the egg of one 
may stimulate the other to develop 
parthenogenetically so that haploid- 


diploid pairs would appear. Following 
further investigations (7) he reported 
that a triploid (3#) twin was usually less 
productive than its mate with the lower 
diploid {271) chromosome number. It ap- 
peared that the triploid plant needed a 
longer time to reach maturity. Also, mem- 
bers with higher numbers had thicker 
and broader leaves than their corre- 
sponding twins with lower numbers. No 
difference could be found between plants 
in certain chemical characteristics. IVjl- 
len fertility was usually greater in the 
higher member of the set, and it seemed 
as though a change from the normal 
chromosome number to the triploid con- 
dition involved a change from a pre- 
dominantly apomictic type of seed for- 
mation to a more or less pronounced de- 
gree of sexuality. 

Several sets of twins and triplets were 
isolated by Kiellander (4) from an 
open-pollinated P. pratensis progeny 
(2n =72) that had been completely uni- 
form through three generations. Among 
these were two aberrant forms for the 
progeny, a twin with 2n = 40, a triplet 
with 2^ = 18 that resembled P. ir mails 
{2% 14). The 2n = 18 triplet w^as par- 
tially fertile and produced offspring witli 
the diploid number of chromosomes 
ranging from 15 to 19, the average num- 
ber being 16. 

Approximately 7% of the seed sam- 
ples taken by Brittingham (3) from 
plants of II 5 progenies were polyemt)!-}’'- 
onic. The range in percentages varied 
from o to 31.6. The highest frequency of 
seeds with triplet embryos from a single 
plant was 4.3%. Sixty-nine twin sets and 
four triplet sets were grown to maturity. 
Approximately 17% of the sets were con- 
sidered to be dissimilar, and it was con- 
cluded that the variability was signifi- 
cantly higher among plants derived from 
poiyembryonic seeds than that among 
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plants derived from single-embryo seeds. 
Although this difference was noted, the 
nature of variation was considered essen- 
tially the same. Likewise, no association 
was found between plant type or manner 
of origin and the frequency of poly- 
embryony in the species. 

Material and methods 

Two groups of progenies have been 
analyzed for the frequencies of aberrants, 
i.e., deviations from the predominant 
type. Twenty-four paired progenies 
(group I) from twins and two from 
triplets were established in the field in 
1942 and subsequently studied in 1943. 
The parents of this group had been 
isolated by F. W. Tinney. 

Sixty- two sets of twins and four sets of 
triplets (group II) were isolated in 
March, 1942, from diverse lots of seed 
germinated in connection with other 
studies. The seedlings isolated cannot be 
taken as a random sample of Kentucky 
bluegrass twins, since an effort was made 
to isolate more dissimilar pairs with the 
consequence that numerous apparently 
identical seedling sets were not propa- 
gated. The plants of selected sets were 
separated and later space-planted into 
the field in May. These were classified as 
to their morphological similarity or dis- 
similarity during their first fruiting year. 
Individual panicles were harvested sepa- - 
rately from each plant. Fifteen sets of ( 
twins and three sets of triplets were se- < 
lected for further study. The basis for ^ 
selection of these was morphological i 
similarity or dissimilarity among the 1 
rnembers of a given set. Derived proge- 

nies^of twCTty-four plants each were es- t 

tablished in the field in 1944, and these s 
were subsequently analyzed for their fre- 1 
quencies of aberrants during the summer a 
of 1945. 


Results 
Group I 

The data for the frequencies of aber- 
rants among progenies are given in table 
I. The chi-square test for independence 
shows that in three sets the percentage of 
aberrants in the progeny of one member 
of the pair is significantly different from 
that in the other. Yates’ (ii) correction 
for continuity was used, since there was 
only one degree of freedom in each com- 
parison. The frequency of aberrant 
plants in line 251 differed at the i% level 
and in lines 275 and 279 at the 5% point. 
No difference was ascertainable among 
the triplet progenies. 


Group II 

The parent plants.-— The original 
plant isolations from which progenies 
were developed were analyzed for vigor, 
aggressiveness, plant height, texture, and 
other similar characters in June, 1943. 
Forty-six per cent of the twins were con- 
sidered identical. Fifteen of the thirty- 
one sets of twins isolated from seed lots 
producing more than one set of twin seed- 
lings were classified as dissimilar and 
sixteen as similar. At least one individual 
of the respective set was dissimilar in 
two of the four sets of triplets. 

Seedlings prom twins and triplets. 
--The germinating seed lots from the 
different pairs of group II parents were 
compared, relative to the number and 
vigor of the seedlings produced, during 
the seedling stage. Results are sum- 
marized in table 2. 

The seed of one plant of each of two 
twin sets was completely sterile, no 
seedlings developing from either plant. 
That from their mates produced many 
and intermediate numbers of seedlings, 
respectively. 
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TABLE 1 

Numbers of plants and percentages of aberrants in 

PROGENIES FROM TWINS AND TRIPLETS OF POA PRATENSIS 



(X-PROGENY* 

5-Progeny* 

Progeny 

, . NO . . 

No. of 
plants 

Aberrant 

(%) 

No. of 
plants 

Aberrant 

(%) 

237. 

24 

4.2 

24 

0.0 

239 

24 

0.0 

24 

0.0 

241 . . 

24 

4.2 

24 

4.2 

243 

24 

4.2 

24 

0.0 

24s 

24 

4.2 

24 

4.2 

247 * 

24 

0.0 

24 

8.3 

249 

24 

8.3 

24 

4.2 

251 

24 

4.2 

24 


253 

24 

4.2 

24 

4.2 

255 

24 

4.2 

24 

12.5 

257 

24 

4.2 

24 

0.0 

261 

24 

4.2 

24 

4.2 

263 

24 

0.0 

24 

0.0 

265 

24 

0.0 

24 

0.0 

267 

24 1 

8.3 

24 

4.2 

269 

24 

0.0 

24 

4.2 

273 

24 

8.3 

24 

4.2 

273 

24 

0.0 

24 

20.0 

277 

24 

4.2 

24 

8.3 

279 

24 

0.0 

24 

16.7 

281 

24 

8.3 

24 

16.7 

285 

24 

33-3 

24 

33-3 

2S7 . 

24 

4.2 

24 

8.3 

289 

8 

0.0 

5 

0.0 

291 


0.0 

24 

0.0 

294 

24 

4.2 

24 

0.0 


Aberrant 

I {%) 


a, b, and c indicate progenies from different members of twin and triplet sets. 


TABLE 2 

Relative number and vigor of seedlings from single panicles 

OF TWIN PLANTS OF POA PRATENSIS 


No. OF SEEDLINGS PIvR SET 


Vigor of seedlings per set 



(■/-plant 


a-plant 


5-Plant 

' Many'' 

Intermediate 

Few 

5 -Plant 

Good 

Fair 

Poor 

Many 

Intermediate . . . 

40)/S* 

7(<5)/i3 

4(9)/i3 

5(2)/7 

5(3)/8 

-((5) /i I 

Good ......... 

Fair 

Poor .......... 


ii(7)/i8 

o(.?)/3 

6(j)/y 

2 p )/4 










* The first figure is for comparisons of similar plants of sets of twins; the LtalicM figure (in parentheses) is of dissimilar mem- 

jiers of sets. The totals of each comparison in each class are given following tne slanting ime. 


30 


BOTANICAL GAZETTE 


[SEPTEMBER, 



Significant differences were not found 
between the number of seedlings devel- 
oped from the different sets. Approxi- 
mately half of the total seed lots ger- 
minated similarly, and the vigor of the 
seedlings was essentially the same. 


plant type or vigor. There is no sig- 
nificant d.ifference between, the ger- 
minability of seed of either type of aver- 
age or better vigor. However, there is a 
tendency for nonvigorous plants to pro- 
duce inferior numbers of viable seeds 


TABLE 3 

Vigor and similarity of members of twin and triplet sets of Poa pratensjs, 

SIMILARITY OF PLANTS OF THEIR PROGENIES, GERMINATION RECORDS, AND 
NUMBER OF PLANTS AND PERCENTAGE OF ABERRANTS IN PROGENIES 


No. 

Vigor 

OF 

PMNTS 

Similarity 

OF 

Seedling* 

U-PROGENYf 

//-Progeny f 

t>PR,OGENvt 

Setst 

Proge- 
nies t 

Av. no. 

Vigor 

No. of 
plants 

Aber- 

rant 

(%) 

No.' of 
plants 

Aber- 

rant 

(%) 

No. of 
plants 

Aber- 

rant 

(.%) ^ 

a 

b 

c 

a 

h 

c 

a 

b 

c 

36-1. . . 

p 

P 


— 

— 

F 

F 


P 

P 


17 

41 . 2 

18 

72, 2 



252-1. . . 

G 

G 


+ 


M 

F 


F 

P 


20 

10. 0 

23 

13.0 



252-2. . . 

G 

G 


— 

— 

I 

I 


F 

F 


23 

30.4 

23 

43 -S 



252-4. . . 

F 

F 



-f 

F 

VF 


F 

P 


22 

31.8 

21 

23.8 



292-1. . . 

G 

G 


+ 


I 

I 


G 

F 


22 

4-5 

21 

4.8 



292-2. . . 

G 

G 


4 - 

+ 

F 

F 


F 

F 


20 

10. 0 

20 

2!v.O 



3 S 8 -i. . . 

F 

P 


— 


M 

0 


P 



23 

52.2 

Sterile 



397-1, . . 

G 

G 



4- 

F 

I 


F 

F 


21 

23. S 

20 

20.0 



397 - 3 - • • 

G 

P 


— 


I 

0 


F 

— 


20 

25.0 

Sterile 



S 40 -I. . . 

G 

F 



— 

M 

I 


G 

P 


22 

27-3 

20 

100.0 



3 S 3 -I. • - 

G 

F 


— 

— 

F 

F 


P 

P 


23 i 

4-3 

22 

4.5 



587-3... 

P 

P 


-f 

+ 

F 

F 


P 

P 


21 

14.3 

27 

•' 13.6 



587-4. . . 

F 

G 


~ 


M 

M 


F 

G 


18 

33-3 

22 

40.9 



652-1. . . 

F 

P 


— 


I 

I 


F 

P 


22 

100,0 

21' 

66,6 



652-2, . . 

G 

F 



— 

I 

I 


F 

F 


22 

3<^-4 

21 

23.8 



26-1. . . 

F 

F 

P 

— 

— ■ 

F 

M 

F 

P 

F 

p 

iS 

18.7 

23 

17.4 

23 

4.3 

34 - 1 ... 

F 

F 

F 

+• 

'■ + 1 

I 

I 

F 

F 

'F ; 

F 

14 

21.4 

20 

30.0 

16 

37.5 

S 99 -I...! 

G 

G 

G 


- 1 

F 

I 

F 

F 

F ^ 

F 

21 

9-5 

22 

9.1 

20 

40.0 


* Average number and vigor of seedlings: M, many; I, intermediate; F, few; G, good; F, fair; and P, poor vigor, 
t ff, 6, and c indicate progenies from different members of twin and triplet sets, 
t Plus (+) symbols indicate similarity; minus (—) symbols dissimilarity. 


The data for germination of seed lots 
from three sets of triplets are included in 
table 3- Many seedlings resulted from the 
seed lots from all members of the fourth 
set. Those from two plants were of good 
vigor, whereas those from the third were 
only fair in this respect. 

A comparison (table 3) of germination 
records of plants of similar sets of twins 
with those of dissimilar sets shows that 
the number and the vigor of seedlings are 
characteristics generally unrelated to 


that develop' into seedlings of low' vigor. 
The data for sets of triplets are not suf- 
ficiently extensive to permit generaliza- 
tion. 

Progenies.— Data for the second set 
of progenies from twin and triplet plants 
of Kentucky bluegrass are given in table 
3. Results were analyzed similarly to 
those for the 1942 progenies. The chi- 
square test for independence indicated 
that the frequency of aberrants in proge- 
nies from three sets differed significantly. 
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These include sets 540-1, 599-1, and 
652-1. Inspection of these data also in- 
dicates that the predominant plant types 
of any given set of progenies may be 
similar or different, a fact that a statisti- 
cal test of this type cannot be used to 
determine. Likewise, the two progenies 
grown from the mates of sterile plants 
showed that one of these individuals was 
predominantly apomictic and the other 
intermediate or tending slightly toward 
the sexual mode of reproduction. 

Chromosome number. — Plants of six 
of the progenies from sets of twins and 
two of the progenies from triplets were 
examined for their chromosome num- 
bers. The chromosome number reported 
for the predominant type is, in all cases, 
based upon approximations in one or 
two members of a progeny and a de- 
tailed analysis and check of one plant. 
Two or more plants of each progeny 
were examined. The chromosome num- 
bers of two additional sets of twins were 
examined, these being the sets of which 
the seeds of one individual were sterile. 
Aceto-carmine smear preparations were 
used, and, with one exception (that at 
diplotene), diakinesis figures were stud- 
ied for the determinations. It may be 
seen from figures given here, and from 
those of previously published papers, that 
the chromosomes of P. praknsis are 
small, often numerous, and have strong 
tendencies to bunch. The chromosome 
counts are summarized in table 4. Those 
of the higher numbers, particularly, 
should be considered to be only approx- 
imations of the actual number of a given 
biotype, or line. ■ 

Sexual combinations 

Two sets of progenies from twins of 
this category were examined. Members 
of the first pair (358-1, table 3) to be con- 
sidered were very different in their 


morphological characteristics. One plant 

(а) was of fair vigor, 15 inches high, with 
leaves of medium length, and generally 
open panicles (fig. 27). The second plant 

(б) was very weak but survived the first 
winter after it was transplanted into the 
field. It continued to be weak; at flower- 
ing time the following summer, it reached 
a maximum height of 6 inches, had short 
leaves, and developed three short, com- 
pact panicles. One panicle was left to 

TABLE 4 

Approximate chromosome numbers in 

PLANTS ISOLATED, OR IN PLANTS OF PROGE- 
NIES FROM TWINS AND TRIPLETS OF PoA 
PRATENSIS* 


Twin or trip- 
let set number 

a-progeny 

&-progeny 

f-progeny 

3 S 8 -i 

56! 

28 1 


652-1 

56 

56 


587-3 

56 

57 , ^ 


252-4 

57 (80) f 

59 (98) f 


587-4 

86 

58 


397-3...... 

sst 

ii 7 t 


540-1 

84 

S6 


599-1 

84 

84 

114(86) + 

34-1 

no 

108 

109 


* Numbers calculated from meiotic complements observed 
approximately at diakinesis. 

t Counts made upon twin plants isolated, of which one mem- 
ber of set proved to be sterile. 

t Numbers in parentheses are of aberrants in progenies. 

mature seed and the other two w^ere fixed 
for cytological examination. This plant 
failed to survive the second winter. The 
a-plant (meiotic complement ± 2711 + 
2i, fig. i) was fertile, and the progeny of 
this plant contained approximately 52% 
aberrants. The 6-plant was completely 
sterile. Its anthers were partially defec- 
tive, but sufficient microspore mother 
cells developed so that at least some data 
were obtained. 8n+i2i (fig. 2) wure 
usually present at diakinesis. Occasion- 
ally others had 6, 7, and 9 bivalents, 
with corresponding deviations of uni- 
valents. Fourteen chromosomes pass to 
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each pole at anaphase (figs. 3, 4). A the plant are given in the companion 
chromosome fragment is sometimes pres- paper. 

ent at this stage. Comparative data for The data suggest origins of one or two 
other stages are given in table 5. Chro- methods of formation of twins; (i) the 
mosome bridges and, in at least one case, stimulation of a synergid of a reduced 
a dicentric bridge with an acentric;^ frag- embryo sac by the act of fertilization of 
ment were present. Additionafobserva- the contiguous egg or (2) the stimulation 
tions concerning macrosporogenesis in of the egg of one embryo sac of an ovule 



Figs. 1-12.— Meiotic complements in plants of Poa pratensis: Fig. i, Fig. 2, 358~i&. 

Sn+ioj. Fig, 3, 3 s8-iZ). Anaphasej. Fig. 4, 3S8-1&. Anaphasen. Fig. $, 6s2-ia- plant 3. aSn- Fig. 6 , 652-1&- 
plant 3. 2in-f i6n+i7i (?). Fig. 7, 587-3^“ plant 3. 2811. Fig. 8, 587-36- plant 3. 28n-i-ii, Fig, 9, 252-4^- plant 
3* 27n4-3i- Fig- 10. 252-40- plant 8 . iiv+3ni+23n+iOi. Fig. ii, 252-46- plant 5. Iin+23n+7i- Fig. 12, 
252-46- plant 2. 55n-f2i. 
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Figs. 13-26. — Meiotic complements in plants of Poa praiensis: Fig, 13, 587-4a~ plant 3. 43H. Fig. 14, 
587-45- plant 4. 23n+i2i. Fig. 15, 397-35. 57ii4-3i* Hg. 16, 397-3^t- imH" 24n-|-4i« Fig. 17, 540^1^- plant 3. 
2111+3611. Fig. 18, 540- 1 5- plant 6. 2811. Fig. 19, 599-ia- plant 4. 4211, Fig. 20/599-15- plant 6. 4211. Fig. 21, 
599-I6’- plant 5. iin~f'4Sn+i3i. Fig. 22, 599-ic- plant 6. Iiv4-iin+42n4“i6i. Fig. 23, 599-1^:- plant 14. 3911-1“ 
81. Fig. 24, 34-i(Z- plant 5. lyi-f 117+1111+4211. Fig. 25, 34-i5- plant 9, iiri+49ii+4i* Fig. 26, 34-it:- plant 7. 

iiii+50n+3i. 
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as a result of fertilization of the egg of 
the second embryo sac. 

The second set of twins (652-1) was 
also made up of quite dissimilar mem- 
bers (fig. 28). One plant (a) was vigorous, 
somewhat aggressive, medium in tex- 
ture, and at maturity reached a height of 
29 inches. The second plant was of poor 
vigor, nonaggressive, medium texture, 
and, at maturity, was 19 inches tall. All 
members of the progeny developed from 
the a-plant differed from one another in 


Members of this progeny averaged about 
2iii + i6n + 171 at diakinesis, with m.ul- 
tiple associations of three chromosomes 
being common (fig. 6). 

It would appear that this set of twins 
arose through the fertilization of an egg 
and a synergid of one embryo sac or, 
possibly, through the fertilization of the 
eggs of two different embryo sacs in the 
same nucellus. Noncompatibility as evi- 
denced by frequent unpaired chromo- 
somes of the &-progeny plants may have 


Figs. 27-28. — Mature twin plants of Poa pratensis: Fig. 27, left, 358-16; right, 358-1(2. Fig. 28, left, 652-1(1; 
right, 652-16. 


TABLES 

Average NUMBER OF LAGGARDS PER SPOROCYTE 
AT METAPHASE I, ANAPHASE I, TELOPHASE I, 
DIAD, AND MICRONUCLEI PER QUARTET IN 
HAPLOID-DIPLOID POA PRATENSIS TWIN 
PLANTS 


Quar- 
tet 

1.32 
0.44 

the i-plant, 67% were classified as mor- 
phologically dissimilar. Generally they 
were inferior to those of the sister a- 
progeny in vigor, leafiness, and height. 


Predominantly apomictic 

COMBINATIONS 

Similar sets of twins.— Two sets of 
twin progenies wherein the predominant 
plant type was similar were examined for 
chromosome numbers. Members of set 
587-3 were essentially equal in fre- 
quencies of aberrants, these being 14.3 
and 13.6%, respectively. Generally plants 
from the a-parent had 28 bivalents 
whereas those from the ^-parent had 
2811 + Ii (figs. 7, 8, 29, 30) at meiosis. 

Plants of the predominant type from 
the second set of twins (252-4), with ap- 
proximately 32 and 24% aberrants, had 


BOTANICAL GAZETTE 


morphology. Representatives of this 
progeny contained approximately 2811 at 
diakinesis (fig. 5). Of the progeny from 


been sufficiently effective to reduce the 
general vigor of the plants of the prog- 
eny. 


28 1.88 2.28 , 1. 00 0.84 

I4(+/) 1. 00 1. 00 0.80 0.20 
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± 2711 + 3i (fig. 9) and + iiii + 2311 + 7 i 
(fig. 1 1)/ respectively. One aberrant from 
the a-plant had ± iiv + 3ni + 2311 + lOi 
(fig. 10) , or an equivalent of 35 bivalents 
at meiosis. An aberrant plant of the mate 
or 5 -progeny had about S5n + 21, or the 
equivalent of 56 bivalents (fig. 12). 

These observations suggest that twin 
embryos developed in ovules of the par- 
ents of 587-3 and 252-4 without fertiliza- 
tion of the eggs. Both twin sets devel- 
oped progenies of low and essentially 
equal frequencies of aberrants. In addi- 
tion, however, seedlings derived follow- 
ing fertilization were represented in both 
of these progenies. The aberrant in the 
a-progeny (25 2-4a- plant 8) apparently 
arose through the fertilization of the egg 
cell of a somatic aposporous embryo sac 
with a male gamete marrying approxi- 
mately the reduced number of chromo- 
somes {n = 28). The aberrant of the 
5-progeny examined (252-45- plant 2), 
with ±5511 + 2i, is somewhat more dif- 
ficult to explain. The observations sug- 
gest either fertilization by an unreduced 
gamete or a somatic doubling of the di- 
viding zygote nucleus. 

Based upon progeny behavior, four 
other sets of twins were probably of this 
type (252-1, 292-1, 292-2, and 397-1). 

Dissimilar sets of twins. — Mem- 
bers of two sets of progenies, wherein the 
predominant type in a given progeny was 
unlike that of their mates, were exam- 
ined. The members of the sets of twins 
587-4 were markedly dissimilar, differing 
in growth habit and aggressiveness, tex- 
ture or coarseness of both culms and 
leaves, general vigor, and plant height 
(figs. 31, 32). Although progenies devel- 
oped from twin plants did not differ sig- 

It was not possible in the material examined to 
determine whether the multiple associations of 
chromosomes were due to homologies or to catena- 
tions. They are therefore considered as multiple 
associations of either or both types. 


nificantly in their frequencies of al)er- 
rants (40.9 and 33-3%)? moqihologi- 
cal characteristics of the predominant 
type of two progenies differed greatl}'. 
Members of the 5 -progeny had about 
2311 + i2i (fig. 14) > whereas those of the 
other had approximately 43 u ^ 3 b 
This is interpreted to mean that the 
ovule of the plant wherein these twins 
developed contained either two apos- 
porous embryo sacs, of which the egg of 
each formed a functional embryo, or that 
it contained an embryo sac that also 
arose through somatic apospory. One of 
the synergids could have developed be- 
cause of the stimulus given it by the fer- 
tilization of the egg. Ill either case it a|>- 
pears that a second egg or a synergid 
developed parthenogcnetically because 
of the stimulus set up by the fertilization 
of the other functional member in the 
ovule. Although the end results would be 
the same, the last-mentioned alternative 
seems the more plausible, based upon the 
relative frequencies of multiple embryo 
sacs observed. 

The observations on the second set 
(397-3) are somewhat more difficult to 
interpret. In this set the two memliers of 
the twin set differed markedly in vigor, 
aggressiveness, texture, and plant height, 
the member designated as 5 being, in all 
characters mentioned, inferior to those of 
the mate {a). The relative heights were 
10 and 23 inches, and the chromosome 
numbers about 5711 + 31 (fig. 15) and 
± iin + 2411 + 4i (fig. 16), respective!)'. 
Plant 5 proved to be sterile as deter- 
mined by seed germination for sub- 
sequent progeny tests; plant a produced 
numerous functional seeds and the ma- 
ture progeny therefrom had 25% aber- 
rant plants. Muntzing (5) suggested 
that the occurrence of tctraploids among 
twins most probably implies somatic 
doubling after fertilization or possibly 


11 
1 1 
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-^Members of progenies from twins in Foa praknsis: Fig. 29, 587-3(7- plant 10. Fig. 
31* 5^7-4^^' plant 20. Fig. 32, 587-46- plant 14. Fig. 33, 652-2(7- plant 2. Fig. 34, 65; 
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doubling at the beginning of embryo de- 
velopment if this has started partheno- 
genetically. Other possible explanations 
for this condition should be mentioned. 
Only one of these appears at all likely to 
occur. The ovule from which this poly- 
embryonic seed developed perhaps con- 
tained two embryo sacs that had arisen 
by somatic apospory. The maternal tis- 
sue in this case probably contained about 
56 chromosomes. One egg of these em- 
bryo sacs was stimulated to develop 
parthenogenetically and eventually re- 
sulted in the fertile plant. The second 
egg may have been fertilized either by an 
unreduced gamete or by a high polyploid 
gamete carrying approximately the same 
chromosome number as the egg. Al- 
though pairing was evident, subsequent 
interference may have resulted in com- 
plete sterility. It is quite unlikely that 
the combination represents a true hap- 
loid-diploid relationship of embryos de- 
veloped from a fertilized egg and a 
synergid of a single embryo sac. Judging 
from other experiences the haploid would 
either be sterile or, if fertile, the progeny 
therefrom would show considerable seg- 
regation. The opposite is true in this 
case. It is likely that the first of the alter- 
natives, that suggested by Muntzing, is 
the most plausible explanation of the 
case in c[uestion. However, the second 
alternative is possible but is not likely to 
be of common occurrence. Restitution 
nuclei were not observed, or so recog- 
nized, in any abundance, and very high 
polyploids were comparatively uncom- 
mon in the material examined. 

The progeny behavior of three other 
sets of twins (252-2, 353-1, and 652-2 
[figs. 33, 34]) suggests similarity to 
587-4. Members of two of these sets, 
however, tend to produce fairly high pro- 
portions of aberrant offspring. 


Mixed sexual and apomigtic 

COMBINATIONS 

The progeny of one member of a set of 
twins (540-1) was predominantly uni- 
form (27.3% aberrants), whereas the 
progeny from its mate was extremely di- 
verse, no two plants being entirely alike. 
In this case plants of the predominant 
type of the former contained approxi- 
mately 2111 + 3611 (fig. 17) j whereas 
plants of the sister progeny had 28x1 (fig. 
18). Comparatively few plants of the 
species are either entirely apomictic or 
entirely sexual in their modes of repro- 
duction, the majority of plants being 
about 20% sexual. Plants of intermediate 
tendencies are relatively common. It has 
been observed that there sometimes oc- 
curs in the same ovarian primordium a 
functional macrospore mother cell and a 
densely cytoplasmic nucellar cell similar 
to those found in apomictically repro- 
ducing forms. Usually one of these, or its 
descendants, will fail to survive, particu- 
larly so when one or the other is of ad- 
vanced development. When the develop- 
ment is synchronous or essentially so, 
embryos may form in both embryo sacs. 
The difference between the pair of twins 
in question (540-1), and their progenies, 
seems to be explained best in this man- 
ner. If the egg of the embryo sac having 
the gametophy tic chromosome number is 
fertilized, a progeny of diploid plants 
would result. Because of the apparent 
heterozygosity of plants of P, pratemis, a 
highly or even totally diverse progeny 
would be expected. This is based upon 
the assumption that all fertile florets of 
a given plant contained reduced gameto- 
phy tes, the eggs of which were fertilized. 
The egg cell of the somatic ai)os[)orous 
embryo sac might be stimulated to de- 
velop either a diploid embryo partheno- 
genetically or, if fertilization hy a re- 
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duced gamete occurs^ an embryo of 
triploid constitution. 

The breeding behavior of one set of 
twins (36-1) does not appear to fall 
definitely into any one single class. One 
plant of this set produced 41% aberrants 
compared with 72% for its mate. It ap- 
pears evident that both these plants 
carry intermediate to strong tendencies 
toward sexuality, and it is equally evi- 
dent that, though these tendencies are 
strong, neither plant is entirely sexual or 
strongly apomictic. In default of any 
better classification of the set, it is in- 
cluded here. 

Triplets 

Similar sets. — ^The predominant 
plant type was similar in all three proge- 
nies from one set of triplets (34-1). The 
progenies contained 21.4, 30.0, and 
37.5% aberrants, respectively, for a, h, 
and c. Representative plants of the pre- 
dominant type of each of these progenies 
contained about the following chromo- 
some complements: ivi + iiv + iiii + 
4211 (fig. 24}, ini + 49n + 4i (fig* 25), 
and ini + SOn -f 31 (fig. 26), respective- 
ly. These are interpreted to indicate the 
development of the triplet set from the 
eggs of three aposporous embryo sacs in 
the same ovule; or the development of 
embryos from all members of the egg 
apparatus of a single sac; or an inter- 
mediate combination of two embryos 
arising from members of one embryo sac 
and one from those of a second embryo 
sac. In any event, it appears unlikely 
that fertilization of the egg of any one of 
these took place. Had such fertilization 
been effected, there would perhaps have 
been a phenotypic as well as a cytologic 
difference expressed in the progeny from 
one member. There is evidence that fer- 
tilization is not necessary for embryo 



development in apomictic biotypes of 
P. pratensis (2). 

Dissimilar sets. — Progenies from 
two members of a set (599-1) of triplets 
were predominantly uniform and mor- 
phologically similar. A few of the plants 
(9-10%) of each of these progenies were 
aberrant. Sixty per cent of the plants 
from the third triplet were generally 
more vigorous and differed morphologi- 
cally from those of the sister members of 
the set. Characteristically, plants of the 
two similar members of the set had 
chromosome constitutions approximat- 
ing 4211 (figs. 19, 20) compared with 
equivalents of 5711 to 5911 (figs. 21, 22) in 
individuals of the third progeny. This 
combination is essentially similar to sev- 
eral cases previously indicated for twins. 
The mode of origin of this set of triplets 
is a matter of conjecture. It is most 
probable that they arose from at least 
two embryo sacs, the only basis for this 
surmise being, however, that in no in- 
stance in this or in earlier reported 
studies have all members of the egg ap- 
paratus of a single embryo sac been seen 
to develop. Plant 14, one of the aberrants 
of the progeny (599-1) with 57-59 bi- 
valents, had approximately 4211 (fig. 23). 
The most logical explanation of this 
plant would appear to be the fertilization 
of a reduced egg (561) with a male 
gamete carrying 28 chromosomes. This 
would result in a plant with 2^ = ±84, 
which corresponds with the count made. 

Discussion 

Data presented in this paj)er clarify , in 
part at least, some of the problems that 
have arisen in connection with the chro- 
mosome numbers and the highly variable 
gross morphology of the different bio- 
types of P, pratenHs. The most recent 
tabulation (2) of somatic chromosome 


1946 ] 


NIELSEN- BREEDING BEHAVIOR IN POA 


39 


numbers reported for the species indi- per, the writer is aware of chromosome 
cates a range of from 24 to ± 1 24, exclu- counts only for the exceptionally high 
sive of calculated complements. In the polyploids of the species. The reduced 
same paper Akerberg reported that a vigor and the accompanying sterility of 
biotype from Germany had 2n = i: 130. the plant reported here suggest that this 
Twenty-five of the numbers were approaches or has reached the cliromo- 
euploid, the remaining 127 being somal limits wherein fertility might be 
aneuploid. Graphically the distribution expected to exist. Examination of the 
of the more definite chromosomal counts germination records of other plants 
is a skewed trimodal curve with apices in (252-4^ and S99-ir) with high chromo- 
the 49”S6, 63-70, and 84-91 chromo- some numbers tends to support this opin- 
some-number classes. These apices each ion. In both cases relatively few seedlings 
represent 38, 29, and 17 determinations, developed from the seed of individual 
respectively. panicles. The seedlings of 599-16' were 

The combination of both sexual and classified as of fair vigor and those of 
apomictic modes of reproduction, cou- 252-4& as poor. 

pled with free interpollination of bio- The synthesis of new chromosome and 
types and apparently weak genetic bar- genetic combinations between the above- 
riers, with all their possible interactions, indicated extremes can apparently be ac- 
appears to be a sufficient explanation for complished more or less successfully 
the chromosome and morphological di- without serious detriment to the fertility 
versity of P. pratensis. of the resulting new combination. Apo- 

Haploid plants of this species have not mixis, accompanied by sexual reproduc- 
been extensively studied. Most reports tion in various proportions of florets, 
concern chromosome number only. The thus affords in some measure a meclia- 
single plant of this type {n — 14) con- nism for maintaining an unstable genetic 
sidered here was very weak. Subsequent- and chromosomal condition in the bio- 
ly the plant proved to be sterile. This is types. The end result of such a condition 
not always the case. Muntzing (7) found of reduction and accumulation of genetic 
a haploid {n == 36) that produced a few factors and chromosomes can only be a 
seeds after self-pollination. Twenty-one multiplicity of forms and considerable 
of twenty-nine resulting plants examined diversity in breeding behavior, 
had 36 chromosomes, one each had 29, 

34, 37, 49, and 52, and three had 35. Summary 

Plants from seed of florets allowed access Two groups of twin and triplet sets arc 
to open-pollination generally had from considered. Twenty-four pairs of twins 
32 to 58 chromosomes. An analogous case and two sets of triplets (group 1) were 
was also presented for A some- grown to maturity from seedlings. The 

what similar instance has been reported frequency of aberrants in progenies from 
by Kiellanber (4) for open-pollinated three sets of twins was found to differ 
P, pratensis. These examples are suf- significantly. No such difference occurred 
ficiently illustrative of the diversity that between the progenies from the other 
may arise in progenies from plants with twenty-one sets of twins or between 
low chromosome numbers. those from the two sets of triplets. 

Aside from the data given in this pa- Forty-six per cent of a nonrandom 
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population (group II) of twin and trip- 
let sets differed in morphological char- 
acteristics. No significant differences 
were found between the number and the 
vigor of seedlings from members of mul- 
tiple sets. Likewise, no difference oc- 
curred between the same characters for 
identical compared with dissimilar sets. 

The frequency of aberrant plants was 
significantly different in progenies from 
two of the twin and one of the triplet 
sets. The gross morphology of the pre- 
dominant plant type in progenies from 
seven twin and two triplet sets was 
greatly different. 

It was concluded from the breeding 
behavior and the chromosome number in 
plants of progenies, and from two sets of 
twins, that multiple embryos had arisen 
in the following manners : (i) from the egg 
and a synergid of an embryo sac carrying 
the reduced chromosome number, one 
member of the egg apparatus developing 
parthenogenetically because of the stim- 
ulative effect of fertilization of the other; 
(2) from two embryo sacs in which the 
eggs (or an egg and a synergid) carrying 
the gametophytic chromosome number 


had been fertilized; (3) from the unfer- 
tilized eggs, or from an egg and a syner- 
gid, of embryo sacs that arose by somatic 
apospory ; (4) from eggs (or the egg and a 
synergid of one sac) of embryo sacs de- 
veloped through somatic apospory, one 
forming a diploid embryo and the other 
a tetraploid by somatic doubling of the 
dividing zygote; (5) from two egg cells or 
from an egg and synergid that arose by 
somatic apospory, one of which was fer- 
tilized, the other developing partheno- 
genetically; and (6) from the fertilized 
egg derived from a reduced macrospore 
and from an egg of an aposporous em- 
bryo sac. 

The observations are discussed in rela- 
tion to known breeding behavior of bio- 
types of the species and to the moipho- 
logical and chromosomal variation in 
naturally occurring populations of the 
species. 

The writer gratefully acknowledges 
the suggestions made by colleagues dur- 
ing the progress of this study. 

Department oe Agronomy 
University of Wisconsin 

Madison, Wisconsin 
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THE ORIGIN OF MULTIPLE MACROGAMETO- 
PHYTES IN POA PRATENSIS' 

ETLAB. L. NIELSEN 


Introduction 

There has been some divergence of 
opinion concerning the origin of multiple 
embryos in Poa pratensis L. This paper 
will consider briefly the scope of the prob- 
lem and indicate the conclusions ar- 
rived at by other workers. Additional 
data have been obtained and are pre- 
sented so that integrated conclusions 
may be reached. Confirmatory evi- 
dence from breeding behavior and chro- 
mosome numbers in plants from twins 
and triplets has been obtained and is 
presented for most of the types of 
gametophytes (and subsequent embryo 
development) observed or postulated 
from these cytological studies (lo). 

Review of literature 

Individual seeds of P. pratensis some- 
times contain from one to three embryos 
(14). Zimmerman accredits a Dr. Hein- 
rich with previously observing a large 
number of twin embryos and, in one 
case, three distinct seedlings developing 
from a single seed. Zinn (15) also noted 
polyembryonic seeds in P. pratensis, P, 
nemoralis L., and P, compress a L. 

Histologic sections of the developing 
ovules of P. pratensis were interpreted 
by Nishimura (ii) to indicate the for- 
mation of plural embryos from a massive 
suspensor. “Two or even three buds may 
develop from the suspensor apparatus.^’ 
He also “observed where the nu cellar 

I Results of co-operative studies between the Di- 
vision of Forage Crops and Diseases, U.S. Depart- 
ment of Agriculture, Soils and Agricultural Engi- 
neering, and the Wisconsin Agricultural Experiment 
Station, Madison. 


cells in the vicinity of the micropyle gave 
rise to two or three bud-like out- 
growths.’’ These were seen in the antip- 
odal region wherein the massive sus- 
pensor was also a characteristic feature. 
Also, nucellar cells lateral to the eml)ry() 
sac might form embryonic buds. Fre- 
cfuently the growth of the normal em- 
bryo sac was inhibited by the growth of 
the other embryos. These and other 
similar phenomena were thought to l)e 
associated with mechanical injury due to 
insect attack or to oviposition. 

Andersen (2) found that twin embr}^) 
sacs arose from sister macrospores in 
P. pratensis. This work was done before 
the occurrence of apomixis had been sug- 
gested as occurring in. Poa species. 

A haploid-diploid relation in P. palus- 
iris L. (P. serotina Ehr.) with 14 and 28 
chromosomes, resf)ectively, was reported 
by Kiellander (6), who concluded that 
in this case the haploid developed from a 
reduced egg cell. Later he (7) isolated a 
set of triplets of P. pratensis, one mem- 
ber of which had 18 chromosomes. This 
subhaploid w’-as partially fertile and, after 
open pollination, gave plants with 15-19 
chromosomes. 

An evident difference between apomic- 
tic strains in their capacities to form sev- 
eral embryos was found by .Akiucbeug 
( i). Two seedlings from a single seed fre- 
quently developed at different times and 
sometimes were quite diverse in appear- 
ance. Later they might ap|)ear to }>e 
phenotypically alike. Two haploid aber- 
rants (n = ±24 and ± 29) differed 
greatly from the normal P. pratensis 
plants. 
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The frequency of seeds with twin and dominantly apomictic, intermediate, and 
triplet embryos also varies with the sexual plants of Kentucky bluegrass (9). 
North American strain of Kentucky Apomictic types generally have higher 
bluegrass studied (3) . Among the differ- percentages of multiple embryo sacs per 
ent ones observed, Armstrong found floret than do sexual plants, 
that they produced 8, ii, 35, and 42%, 

respectively, of polyembryonic seeds. In Material and methods 

his material he “frequently observed two Fixations were made at 2-day inter- 
EMC lying side by side in the prophase vals from the emergence of the tip of the 
stage.” These were thought to develop panicle until anthesis, after which two 
into sister macrospores. additional fixations were made prior to 

Tinney (13) found that two embryo seed ripening. The material selected for 
sacs may arise independently from two each fixation represented the apparently 
differentiated nu cellar cells, but he did youngest to the most developed florets in 
not exclude the occurrence of haploids several panicles. Later, spikelets of the 
arising from reduced or haploid eggs or various sizes and presumed ages were 
the development of triploids as a result of selected from each fixation for histologic 
gametic union of an unreduced egg with study. The usual types of alcohol de- 
a haploid male gamete. hydration and clearing solutions were 

Engelbert (4) stated that twin em- employed. Sections were cut at 12-25 Mr 
bryo “sacs so commonly found in poly- depending upon the size or age of the 
ploid, polymorphic P oa species are, as a florets. Staining was effected with either 
rule, developed one from a macrospore, Haidenhain’s iron-alum or Delafield’s 
the other from an aposporous cell.” haematoxylin. 

Any of the haploid macrospores of 

plants of P, alpina L. is capable of Results 

developing into an embryo sac, with Development from two macrospore 
more than one developing occasionally mother cells. — Occasionally two ad- 
(s). It was concluded that there was no jacent macrospore mother cells were ob- 
reason to assume that somatic apospor- served in the regular position in the nu- 
ous embryo sacs develop frequently in cellus (fig. i). This was especially true of 
this species, as often is the case in P. one plant. The reduction divisions occur 
pratemis. In the apomictic types of P. and two lineal tetrads of macrospores 
alpina the embryo sac is formed directly form. Following the regular pattern of 
from the macrospore mother cell through events for sexual Kentucky bluegrass 
mitosis, and, as a result, no reduced plants, two embryo sacs eventually de- 
macrospores are formed. velop (fig. 2). The probable consequence 

Multiple embryo sacs in P. pratensis of this type of origin of plural embryos 
may result in haploid-diploid and in would be two dissimilar plants. Progenies 
diploid-triploid twins, thus indicating, in from these would be expected to be 
one case, the completion of the reduction highly diverse in plant type, 
divisions to form macrospores and, in the Development from two members 
other case, the fertilization of the egg of of the EGG APPARATUS.—This relation- 
an apomictically formed sac (8). ship perhaps is not widespread in P, 

The frequency of multiple embryo sacs pratensis owing in part to the frequency 
varies from o to 63% in ovules of pre- of apomictic reprodiiction in the species. 
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Evidence has been presented elsewhere 
(9) to show that the reduction divisions 
take place and that four macrospores re- 
sult therefrom, the chalazal one eventual- 
ly developing into the embryo sac. There 
is evidence that two members of the egg 
apparatus may sometimes develop, re- 
sulting in a haploid-diploid embryo rela- 
tion.^ This is in accord with the data 
given in the companion paper (10) and 
also with that of earlier workers who 
have reported haploid-diploid relations 
in P. pratensis twins. There is no evi- 
dence that the egg apparatus shown in 
figure 3 represents this particular com- 
bination, since no single embryo sacs 
were observed with two proembryos or 
embryos wherein cells with analyzable 
mitotic-division figures could be found. 
It appears likely, however, that such was 
the origin of the haploid-diploid twin set 
described in some detail elsewhere (10). 
Although this is true, it remains possible 
that this twin relation may have arisen 
from two independent embryo sacs. 
Each of these would of necessity 
carry the reduced chromosome comple- 
ment; one would become’ diploid through 
gametic union, whereas the second would 
develop parthenogenetically because of 
the stimulative effect of fertilization in 
the mate. 

A second interpretation of figure 3 
would indicate the simultaneous devel- 
opment of an egg and a synergid of 
an embryo sac arising through somatic 
apospory. If such were the origin, the re- 
sulting plants would be expected to be 
either diploid-diploid or diploid- triploid. 
The former combination would be the 
result of the parthenogenetic develop- 
ment of the two cells in question, and the 
plants should be maternal in appearance 
and in progeny behavior. The second 

2 Relations refer to the total complements, not to 
^-numbers. 



possible combination, diploid-triploid, 

would have to involve the fertilization of 

one member of the egg apparatus and the 

parthenogenetic. development of the - 

other. The resulting set of twins would 

probably be dissimilar, with the progenies 

of both members mostly constant. I : 

Development erom a magrospork 

MOTHER CELL AND, , PROM A SO,MATIC .CELL 
OF THE NUCELLUS.— Enlarged, .densely 
cytoplasmic, nucellar cells frequently are 
observed at the time of the meiotic divi- 
sions. Usually, the macrospore mother 
cell, or its daughter cells, shows clefmite 
indications of collapse when such en- 
larged somatic cells are conspicuous. 

This is not always the case, however. 

Instances have been observed where the 
macrospore mother cells, or the chalazal 
macrospore, show no indication of necro- 
sis (fig. 7). It is usually in florets wherein 
the asexual and sexual embryo sacs, or 
their counterparts, are developing in an 
essentially synchronous manner that 
both members appear functional. Twin 
embryos, one from each embryo sac, 
would probably develop into phenotypi- 
cally different mature plants. Obviously, 
there is great likelihood that they will be 
different genotypically because of the 
apparent heterozygosity of the species. 

They would be either diploid-diploid or 
diploid-triploid, depending upon whether 
the egg of the somatic aposporous em- 
bryo sac developed parthenogenetically 
or as the. result of gametic union... .The 
progeny from the twin that traces back 
to the somatic cell, if aposporous rei>ro- 
duction continues, would be expected to 
be essentially uniform and, if diploid, 
maternal in appearance. That of the other 
twin, from the fertilized, reduced em- 
bryo-sac egg, would likely differ pheno- 
typically and in breeding behavior from 
the maternal parent. 

It is desirable to indicate another pos- 
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sible combination from this type of mul- 
tiple embryo-sac development, for the 
egg. cell with the reduced number might 
develop parthenogenetically as a result 
of the stimulative effect of the fertiliza- 
tion of the egg nucleus that arose through 
somatic aposporous processes. Plants 
produced from embryos that arose in this 
manner would be expected to be haploid- 
triploid, a combination that has not been 
found. Progenies developed from seed of 
the haploid, if fertile, would perhaps 
show considerable segregation. The plant 
from the triploid could be essentially like 
the maternal parent in breeding behavior 
but might be quite different phenotypi- 
cally. 

Development from several somat- 
ic CELLS. — It is not uncommon to ob- 
serve, in ovules of Kentucky bluegrass, 
two or more enlarged nucellar cells in 
close proximity to the macrospore mother 
cell which is undergoing division (fig. 8). 
Usually, when such a condition occurs, 
there are readily recognizable signs of 
collapse of the macrospore mother cell, as 
the figure illustrates. In other cases, how- 
ever, no evidence of necrosis was evident 
prior to mitosis in the outermost daugh- 
ter cell. Frequently, if not usually, the 
division of the innermost daughter cell 
does not proceed beyond metaphase or 
early anaphase. No instances were ob- 
served that could be definitely inter- 
preted as a macrospore and two or more 
somatic cells forming functional embryo 
sacs. Nevertheless, it is possible that such 
a development might occur. 

The phenotypic characteristics of the 
mature plants developed from multiple 


embryos from somatic cells would de- 
pend largely upon whether or not fer- 
tilization of the egg(s) occurred. If such 
was not the case, the resulting plants 
would probably be diploid-diploid and 
similar to the parent. Conversely, if one 
of the eggs was fertilized and the second 
developed parthenogenetically, the twins 
would be triploid-diploid and in all likeli- 
hood dissimilar, with the diploid one 
maternal in appearance. 

A third alternative should be recog- 
nized. It is possible that both, or even 
more, of the several egg cells could be 
fertilh^d by male gametes carrying di- 
verse factors. If this occurred, it would 
be logical to expect that the twins, or 
other multiple embryo combinations, 
would be dissimilar in morphological 
characteristics and be triploid-triploid. 

Supernumerary embryo sacs. — The 
data in the preceding paragraphs pertain 
to readily classifiable types of plural 
“macrogametophytes,” such as are com- 
monly encountered in P. pratensis. In ad- 
dition to these several distinct classes of 
multiple embryo sacs of a single ovule, 
other types of embryo sacs frequently 
develop. These appear to be secondary. 
It was not uncommon to observe these 
secondary embryo sacs, some of which 
are incomplete and essentially similar to 
those discussed and figured by HAiCiNS- 
SON (5). These structures consist of two 
or three antipodals and either one or two 
polar nuclei. Generally, these incomplete 
embryo sacs taper gradually toward the 
position generally occupied by the egg 
apparatus, which is missing in the defec- 
tive embryo sacs. Here it flares out some- 


Figs 1-8— -Origin of multiple macrogametophytes in I’oa pratensis: Fig. i, two macrospore mother 
cells Fig 2 two embryo sacs. Fig. 3, egg apparatus showing dividing synergid nucleus and egg nucleus at 
prophase. Fig. 4, enlarged drawing of bud cell shown in figure 6. Fig. s, three embryo sacs, one proximal at 
micropyle, others distal. Fig. 6, longitudinal section of ovule showing nucellar bud cell projecting 
into lumen Fig. 7, two embryo sacs, four-nucleate one probably developing from macrospore and two- 
nucleate one from nuceUar cell. Fig. 8, collapsing macrospore mother ceU with two enlarged nucellar cells. 
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what and abuts upon a protruding base 
of several cells. Sometimes, however, 
these secondary embryo sacs are com- 
plete, i.e., containing three antipodals, 
two polar nuclei, and a regular three- 
celled egg apparatus. 

Although extensive material has been 
examined in an attempt to complete the 
gaps in the data at hand, the develop- 
mental sequence remains incomplete. It 
appears desirable, therefore, to record 
the observations that are fairly definite. 
Densely cytoplasmic nucellar cells sur- 
rounding the gametophytic cavity have 
been observed in the region adjacent to 
the confluence of the antipodals and the 
vascular strands, between the antipodals 
and the micropyle, and also on the op- 
posite side of the lumen. These regions, 
together with the antipodals proper, are 
the loci from which secondary embryo 
sacs commonly arise. In several ovules, a 
particularly densely staining cytoplasmic 
cell with an enlarged nucleus was ob- 
served to protrude into the gametophytic 
cavity (figs. 4, 6). Intervening stages be- 
tween this and the mature embryo sacs 
shown in figure 5 have not been observed. 
Multiple embryo sacs such as those illus- 
trated in the latter figure have been ob- 
served commonly. It seems probable 
that they may explain some of the in- 
stances in P. pratensis wherein proem- 
bryos and embryos are located proximal- 
ly and even distally to the micropyle in 
mature seeds. 

Macrosporogenesis in the haploid. 
— Since earlier studies concerning macro- 
sporogenesis in P, pratensis been 
limited primarily to biotypes of higher 
chromosome number, it was considered 
desirable to examine some of the mate- 
rial of the haploid plant isolated. In none 
of the limited number of sections avail- 
able for study were clear nuclear divi- 
sions found. Hence it must be assumed 


from the study of the microsporocytes 
that the ^-number equaled 14. 

The macrospore mother cell, although 
smaller in size than those reported else- 
where for diploid plants (9), was similar 
in shape and in its position under one 
hypodermal layer of the ovule primor- 
dium (fig. 9). 

The type of cell with the single large 
nucleus as shown in figure 10 had not 
been observed previously. An ^ 'empty” 
cell was located adjacent to the chalazal 
end of the cell. Usually, the embryo sac is 
binucleate before a large vacuole of the 
type shown in this figure appears. The 
embryo sacs shown in figures ii and 14 
are relatively typical of those occurring 
in other Kentucky bluegrass ovules con- 
taining one embryo sac. Figure 18 is of an 
atypical embryo sac with a 3 to i dis- 
tribution of the nuclei. 

It is uncertain if the dark masses on 
the left of figure 1 2 are the remains of the 
daughter cells of the macrospore mother 
cell. The three uninucleate cells shown 
were no doubt derived from the nucellus, 
since they are mostly located under two 
tiers of cells of the latter. Figure 13 shows 
another of the atypical uninucleate- 
univacuolate ceils and a second rather 
typical binucleate embryo sac. The eight- 
nucleate embryo sac of figure 15 is rather 
typical, as is the binucleate one. The 
uninucleate cell is univacuolate, and the 
three-nucleate one atypical. The nuclei 
of the latter differ in size with an accord- 
ingly increased number of nucleoli of 
from one to three. It differs from the 
other three members of the quadruplet 
embryo sacs in this respect. 

Only the four-nucleate one of the three 
embryo sacs shown in figure 16 is fairly 
typical. The upper member contains a 
giant nucleus. The number and grouping 
of the cells and nuclei are rather char- 
acteristic of Kentucky bluegrass in the 



Figs. 9~i8.~Macrosporogenesis in haploid Poa prakmis plant: Fig, 9, macrospore mother cell Fig. 10^ 
elongated, densety cytoplasmic cell in normal position of macrospore mother cell Fig. ii, two-nucleate de- 
veloping embryo sac. Fig. 12, three enlarged, densely cytoplasmic, nucellar cells. Fig. 13, two embryo sacs 
developing, one uninucleate, the other binucleate. Fig. 14, four-nucleate developing embryo sac. Fig. 1 5, one-, 
two-, three-, and eight-nucleate developing embryo sacs. Fig. 16, three-nucleate, four-nucleate, and mature 
embryo sac. Fig. 17, two- and four-nucleate developing embryo sacs. Fig. 18, four-nucleate developing 
embryo sac. 
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remaining mature embryo sac. The con- 
figuration is, however, quite abnormal. 

The two-nucleate macrogametophyte 
of figure 17 is quite representative of 
those in other plants of P. pratensis ex- 
amined. The type of the bottle-shaped 
member on the right had not been seen 
before. 

It is evident that macrosporogenesis 
can hardly be considered normal for the 
haploid of the species. Although this is 
true, some of the developing macro- 
gametophytes examined did not appear 
to be strikingly different in appearance 
from those of known fertile apomicts. 
Misshapen and odd-appearing embryo 
sacs that are apparently functional occur 
commonly in the species. The sterility of 
this plant was perhaps due to genetic fac- 
tors rather than to the more obvious 
cy tological disturbances. 

Discussion 

The observations reported in this pa- 
per appear baffling when considered 
without the supplementary data derived 
from progeny studies from twin and 
triplet plants of the species (10). They 
give an impression of indeterminancy. 
They become less confusing, however, 
when they are considered in light of the 
resulting mature plants and their proge- 
nies. When so considered, they aid mate- 
rially in explaining the great morphologi- 
cal variation and chromosomal diversity 
that prevails in the species. It is this rela- 
tionship that will be considered in the 
discussion rather than the more limited 
variations in macrosporogenesis. These 
will, however, serve as the basis of dis- 
cussion for each of the points considered. 

When sexual lines of the species are 
isolated, selected plants from their proge- 
nies will, for the most part, continue to 
yield highly, or even completely, diverse 
progenies. Exceptions occur wherein con- 


stant phenotypic appearance in the sub- 
sequent progenies is due to genetic 
changes in the genome (9) . The high inci- 
dence of sterility found in many sexual 
plants of the species affords a mechanism 
for the elimination of numerous types. 
When factors or tendencies for apomixis 
are present, and where sterility would 
otherwise ensue, the morphological type 
is maintained through asexual reproduc- 
tion. Numerous intermediate plants with 
tendencies toward both types of repro- 
duction also occur. It is with this inter- 
mediate class that the data of this paper 
are concerned primarily. 

It is thought from the material studied 
that apparently viable and plural em- 
bryos should develop essentially syn- 
chronously. In ovules where two or more 
embryo sacs commence development at 
about the same time, it would seem that 
the zygote most favorably located with 
respect to nutrient flow would develop at 
the expense of the other member or mem- 
bers. It is possible also that earlier initi- 
ated members may establish an advan- 
tage at the expense of other individuals 
in the same ovule. This interpretation 
would explain, in part, the existence of 
some of the numerous undifferentiated 
proembryos that are observed in mature 
or nearly mature seeds. Others might be 
ascribed to the presence of ^‘supernumer- 
ary embryo sacs.” These proembryos 
and partially differentiated embryos may 
not develop to such an extent that they 
would be noticeable in germinating seeds. 

If the above deductions are valid, it 
follows that embryo sacs, or their initials, 
that are located somewhat equally with 
respect to the nutrient supply and devel- 
op in an essentially contemporary man- 
ner, would constitute the majority of the 
cases that develop plural embryos evi- 
dent at germination. It has been shown 
that both types of embryo sacs — i.e., 
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those that arise from macrospores (9) 

* and those that arise from nucellar cells 
(9, 13, and Others)— may be functional. 
This would offer a reasonable explana- 
tion of the marked polymorphism that 
prevails in the species. 

The divergence in gross morphological 
features of the progeny of a single sexual 
plant of P. pratensis may be consider- 
able. Some workers have suggested that 
the species is of hybrid origin; this ap- 
pears quite probable (9). Smith, Niel- 
SEN, and Ahlgren (12), after studying 

^ several thousands of plants, concluded 

that about 16% of all the plants studied 
were aberrants. The most plausible ex- 
planation of this condition would seem 
to be the recombination of genetic fac- 
tors due to sexual processes, the accumu- 
lation of factors due to the fertilization of 
asexually developed eggs by reduced 
male gametes, and internal chromosomal 
and/or genetic changes. 

Much evidence has been presented 
during the last fifteen years to indicate 
and to support the concept of main- 
tenance by apomixis of the morphologi- 
cal types of Kentucky bluegrass estab- 
lished through the indicated processes. 
The maintenance of the synthesized 
types occurs in about 84% of the total 
population of the species (12). This rep- 
resents the essentially stable apomictic 
but highly polymorphic complex of bio- 
types generally evident in the species. 
New combinations are being repeatedly 

' ' formed in approximately 16% of the 

* plants of the species. Some of these may 
become established. They may arise by 
any one of the processes indicated. Prin- 
cipally the aberrants may arise by the 
fertilization of eggs having the reduced 
number of chromosomes or by the fer- 
tilization of unreduced eggs produced as 
a result of somatic apospory. The forma- 
tion of haploids as a result of the devel- 


opment of an unfertilized member of the 
egg apparatus into an embryo and the 
formation of tetraploids through the 
somatic doubling of the dividing zygote 
may also occur. Where these are fertile, 
or at least partially fertile, they also 
serve as new points from which polyploid 
series of apomictic and sexual types may 
arise. In view of the facts concerning 
progeny behavior from twin and triplet 
plants, and the presumed modes of origin 
of macrogametophytes from which these 
arose, it is to be expected that numerous 
biotypes, divergent both in morphology 
and in chromosome number, will occur. 

Summary 

The origin of multiple macrogameto- 
phytes in Poa pratensis was studied and 
the results presented in relation to known 
breeding behavior of plants from both 
plural and single embryos. 

Eggs developed following meiosis may 
result in haploid-diploid and diploid- 
diploid relationships in the plural em- 
bryos and in the mature plants. The ori- 
gin of these plural embryos is (i) from 
two members of the egg apparatus and 
(2) from two macrospore mother cells. 

Embryo sacs developed from somatic 
or nucellar cells may form diploid- 
diploid, diploid-triploid, and diploid- 
tetraploid combinations of plural em- 
bryos and mature plants. The diploid- 
diploid combinations are considered to 
arise from two somatic egg cells or from 
an egg and a synergid of a single embryo 
sac that develop parthenogenetically. 
The diploid-triploid combination prob- 
ably arises in a similar manner; the egg 
of one embryo sac develops partheno- 
genetically, whereas that of the second 
develops as a result of fertilization by a 
male gamete carrying approximately the 
reduced chromosome number. Triploid- 
triploid combinations could form by the 
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fertilizing of two cells (two eggs or an 
egg and a .sy nergid) . The diploid member 
of diploid-tetraploid plural embryos 
might originate in the manner indicated 
previously for other combinations, the 
tetraploid by the parthenogenetic devel- 
opment of the egg with a somatic 
doubling of the chromosomes of the 
nuclear complement at the time of the 
zygotic division, or fertilization with an 
unreduced or restitution male nucleus, or 
with a high polyploid gamete. The chro- 
mosome complement of the male gamete 
would have to equal that of the egg nu- 
cleus. It is considered quite improbable 
that origin of tetraploids involving 
gametes would be of common occurrence. 

Plural embryos were found to arise 
from reduced macrospores and micellar 
cells in the same ovule. The embryos re- 
sulting from these would be diploid- 
diploid or diploid-triploid, depending 
upon whether fertilization of only the 
egg of the reduced macrogametophyte or 


fertilization of all of the several members, 
reduced and unreduced, occurred. 

^^Supernumerary embryo sacs” might 
develop from nucellar “bud” cells of the 
wall of the gametophytic cavity. These 
embryo sacs may be imperfect and non- 
functional, or they may be complete and 
account for some of the instances where- 
in proembryos or well-developed em- 
bryos are located at various positions 
other than at or near the micropylar por- 
tion of the seed. The observations are in- 
complete for such a manner of origin of 
plural embryos. 

Macrosporogenesis in the haploid 
plant was quite similar to that reported 
for the higher polyploids of the species. 
The sterility of this plant is undoubtedly 
due to genetic rather than to evident 
cytologic disturbances. 

Department op Agronomy 
University of Wisconsin 

Madison, Wisconsin 
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ON CARDIOCARPON AND SOME ASSOCIATED PLANT 
FRAGMENTS FROM IOWA COAL FIELDS 

FREDDA D. REED 


Introduction 

The genus Cardiocarpon was estab- 
lished in 1828 by Brongniart (3) for 
some carboniferous seeds which he 
diagnosed as “fruits comprimSs lenticu- 
laris, cordiformis ou r^niformes termines 
par un pointe peu aigiie.” Subsequent at- 
tempts have been made to break up the 
genus by employing the term Cordaicar- 
pon for seeds known to be related to 
Cordaites and by including in the genus 
Samariopsis those forms in which the 
wing of the sarcotesta is particularly 
wide and membranaceous (19). However, 
since most of the seeds, that have been 
found either are isolated and unat- 
tached to vegetative organs and in vary- 
ing degrees of preservation or are in the 
form of casts and impressions, there is a 
consequent lack of constant and definite 
diagnostic features. Therefore, until 
more information is available, Cardio- 
carpon remains, and is herein regarded, 
as a provisional generic term for the re- 
ception of carboniferous seeds which are 
platyspermic with an acute apex and a 
cordate or sometimes reniform base. 

More than seventy species of Cardio- 
carpon have been collected from Ameri- 
can coal fields and figured and described 
by Newberry (14, iS, 16), Lesquerexjx 
(12, 13), Dawson (7, 8, 9, 10), Andrews 
(i), Whi'jce (21, 22), Stores (20), No:6 
(17), Graham (ii), and Darrah ( 5 i_ 6 )- 
They have been found in geological 
strata ranging from the Upper De- 
vonian to the Permian, and geographical- 
ly throughout the range of carboniferous 
plants in North America. While rein- 


vestigation would doubtless reduce the 
number of recorded species, there is sig- 
nificance, nevertheless, in their fre- 
quency and in their wide geological and 
geographical range in that both factors 
indicate for Cardiocarpon-he&Tin.g plants 
an important, if not a dominant, place 
in paleozoic floras. 

Material and methods 

This investigation is based upon two 
collections of Cardiocarpon from differ- 
ent localities of Iowa. The collections 
were similar in their mode of preserva- 
tion in that the seeds were imbedded in 
calcareous shale. Moreover, the matrix 
was of such nature that a blow with the 
rock hammer would shatter it along the 
cleavage planes into thin flattish pieces. 
The cleavage planes almost invariably 
coincide with the flat side of the seed 
(fig. i). By so shattering the rocks not 
only were the seeds revealed but the rock 
was rendered into pieces of workable 
sizes without having to section it. 

In some instances the seeds were dis- 
sected out, coated with cedar oil, which 
provides a good reflecting surface, and 
examined for any superficial markings by 
means of reflected light. The internal 
structure was determined by grinding 
the specimens, and at successive levels 
the surface was polished and the cellular 
detail was recorded in a series of camera- 
lucida drawings. 

Other specimens were left in situ, 
and the surrounding matrix was ground 
and polished with the seed. This latter 
method, although slower, had two dis- 



Figs, 1-5.^ — Cardiocarpon, Fig. i, impression of Cardiocarpon in shale. About natural size. Fig. 2, almost 
median section of Cardiocarpon: sa^ sarcotesta; sCy sclerotesta; if, inner fleshy layer; nuceilus; t, tent pole 
of endosperm; m, megaspore membrane; a, archegonia. Figs. 3, 4, tangential and transverse sections showing 
irregular development of sclerotesta. Fig. 4A, median longitudinal section showing fern sporangium within 
megaspore membrane: sporangium. Fig. 4 j 5, sporangium in detail. 
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tinct advantages: first, any organically 7 to 10 mm. broad, from 2.5 to 5 mm. 
attached structures were preserved and thick, and from 5 to 10 mm. long. The 
salvaged, and, second, such preparations integument as seen in any plane is ap- 
revealed the structure of other inter- parently a uniform layer increasing all 
mingled and associated plant fragments, dimensions by about i mm. 

The latter are interesting of themselves Sections of the seed reveal three dis- 
and often furnish clues for the interpre- tinct layers of the integument: the outer 
tation of the particular specimen that is fleshy layer, or the sarcotesta; the stony 
under investigation. layer, or sclerotestaj and an innei, less 

well-defined layer of elongated cells here 
Investigation referred to as the ''inner fleshy layer.’’ 

Collection I. — These seeds were col- The sarcotesta is not preserved in its 
lected by Harold Alexander, whose entirety. For the most part the outer 
account of their origin is as follows: limiting cells have disappeared, leaving 
"These specimens are from the rock dump no hint as to the actual extent of the 
at the mine of the lowa-Nebraska Coal layer; occasionally, however, the epi- 
Co., southwest of Lucas, Iowa. This is dermis, or what appears to be epidermis 
located in S.W. J of section 23, Jackson is encountered (fig. 6). Figures 7, 8, 9, 10, 
township, in the southwestern portion of and ii show details of the sarcotesta at 
Lucas County. This mine was closed in different levels and in different planes. 
1925 and the workings are now full of The cells are relatively thin-walled and 
water ..... this mine worked the 'lower isodiametric; those abutting the sclero- 
coal’ which lies within the Cherokee testa are smaller in diameter, and from 
group of the Pennsylvanian system. ... this region to the periphery they become 
It is interesting to note that these speci- increasingly larger. Large cells with dark 
mens are from a locality only about content, as the one shown at m in figuie 
twenty miles removed from where the 6, are scattered sparingly and at random 
first petrified Lepidostrobus was found.” throughout the sarcotesta and appear to 
Altogether there were about thirty be mucilage bearing. Toward the micro- 
specimens of Cardiocarpon in this collec- pylar region the cells become thicker 
tion. Some of them are little more than walled, progressively elongated, and seem 
casts of the endosperm, whereas others, to focalize at the apex (figs. 10, ii). 
with their integuments more or less in- The sclerotesta consists of exceedingly 
tact, are imbedded in calcareous shale thick-walled, roughly isodiametric cells 
and are intermingled with .such other (figs. 7, 8, 9, ii). In common with some 
plant particles as fragments of wood, other described specimens of^ Cafdio- 
leaves, rootlets, sporangia, and spores. (ii, S)? the stony layer is irregu- 

These platyspermic seeds are bilateral- larly developed, with the irregularities 
ly symmetrical. The two planes of sym- forming spiny projections extending into 
metry have been designated by Mrs. the sarcotesta (figs. 2, 3, 4^, 5). 

Arber (2) as the "primary plane,” which The inner fleshy layer is the most diffi- 
is the broad plane, and the "secondary cult to interpret, for the limitations of 
plane,” which is at right angles to the the cell walls are obscure. Moreover, in 
broad plane. The specimens show some this zone it is not always possible to dis- 
variation in size; the dimensions, ex- tinguish between the cells of the inner 
eluding the integument, may range from fleshy layer and those of the closely ap- 
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plied nucellus. There is no positive evi- the sporangium in figure 4A sp, or the 
dence that this is a zone of vascular tis- rootlet in figures 13A, 14, and 15^. For 
sue, yet some of the elongated cells have the most part the endosperm has been re- 
the appearance of parenchymatous cells placed with mineral matter, mostly cal- 
of the type that accompany vascular ele- cium carbonate, leaving only the faintest 
ments. There is also an occasional hint of remains of the original organic structure, 
scalariform markings on some of the The seed, which has been figured pre- 
walls. viously (18) and shown here in figure 2, 

In the genus Cardiocarpon the nucellus presents an interesting study. The mega- 
and integument have been found to di- spore membrane of this specimen seems 
verge near the base of the ovule. In these intact, and there is no indication of in- 
specimens the course of the nucellus, vaded'foreign material. The region of the 
while it cannot be followed with cer- endosperm is almost completely mineral- 
tainty, does not appear to differ from ized, with indistinct light-brown mark- 
other members of the group. The tapetal ings representing the organic material, 
cells form the most conspicuous and Just below and at either side of the tent 
characteristic layer of the tissue. Often pole are two more or less defined areas 
they are to be seen separated from the bounded by delicate brown lines and 
rest of the nucellus and in contact with each containing a somewhat dense, cen- 
the megaspore membrane. The cells are trally located body. The position and size 
elongated in the long plane of the ovule of these areas strongly suggest the cen- 
and appear to have been filled with some tral cells of archegonia with the dense 
substance that has been preserved as bodies as their nuclei. While the mark- 
dark-brown material. This material has ings which represent the organic struc- 
the same configuration as that of the cells ture of the endosperm appear to be deter- 
but does not extend to the walls (fig. 12). mined by crystallization rather than by 
In these specimens there is no indication the position of the original cell walls, yet 
of the general structure and nature of the it is possible that the process of crystal- 
pollen chamber. lization may have been influenced by 

As in other paleozoic seeds the meg?i- the density of the protoplasm in which 
spore membrane is thick and conspicu- the mineral was being precipitated, 
ous. In a few specimens there has been Since, by analogy with extant gyiriiio- 
some shrinkage of the membrane, but in sperms, there would be a decided varia- 
many seeds it appears firm and round tion in the density of the central cell and 
and apparently outlines faithfully the the surrounding cells of the endosperm, 
shape and extent of the female gameto- it seems highly probable that these 
phyte or endosperm. The endosperm as bodies replace and, therefore, record the 
outlined by the megaspore membrane is position of the_ archegonia. Further- 
slightly broader than long and at the more, that the presence of these areas 
micropylar region formed a beak, the was not wholly fortuitous is attested by 
“tent pole” of Ginkgo and of the Cardio- the fact that the same topography was 
carpales, extending into the pollen cham- observed in the endosperm of more than 
her. There are occasional instances of one ovule. As was suggested in the former 
tissue which may be endosperm (fig. 2), article (18), if one assumes a parallel de- 
but most of the tissue within the mem- velopment of the endosperm of Cardio- 
brane is obviously intruded material, as carpon with, that of Ginkgo, then the two 
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dense bodies would occupy the position 
of the nuclei of the fertilized eggs. Were 
they the egg nuclei, that is, before 
fertilization, one would expect to find 
them at the micropylar end of the central 
cell rather than centrally located as 
these appear to be. 

Another interesting specimen is the 
one shown in figures 13A, 14, and 15^.. 
During the process of grinding down this 
seed there was observed within the mega- 
spore membrane some plant tissue, as 
shown in figures 13.B and 15^. The shape 
and position of this tissue, together with 
the general aspect of the cells composing 
it, suggested that it might be embryonic 
and that it might be either a tangential 
section through a cotyledon or perhaps 
through the hypocotyl. From this stage 
on the grinding proceeded slowly, and 
the median plane was approached cau- 
tiously. Observations and drawings were 
made at intervals of io-20/x. When 
the median plane was reached, the 
seed was turned over and ground from 
the opposite side until the ^Tissue” was 
visible; then the specimen was mounted. 

The two faces of the finished prepara- 
tion (figs. 13^, is^) conclusively demon- 
strate that the ^Tissue’' is not an embryo 
or pieces thereof but is an intruded root- 
let. Also these two faces not only reveal 
the nature of the rootlet but indicate its 
course through the endosperm — a course 
that is corroborated by the serial draw- 
ings made during the progress of the 
preparation. In figure isAl a tangential 
portion of the rootlet is shown in the re- 
gion of the nucelliis where it had appar- 
ently entered from the micropyle; figure 
15B is a detail of this portion. From this 
region the rootlet appears to have pur- 
sued a downward but winding course. In 
the plane illustrated in figure 14 there is 
a rupture in the megaspore membrane, 
and the rootlet is seen partly within the 


confines of the endosperm. Again, in 
figure 13 the portion at r is wholly within 
the endosperm, and its winding or bend- 
ing course is further indicated. The tor- 
tuous position of the rootlet provides 
both tangential and radial views of it in 
one plane of the seed. The cellular pres- 
ervation is so incomplete, however, that 
there is only a suggestion of its anatomy. 

Despite the lack of conclusive evidence 
there are certain observable facts with 
regard to this tissue: (a) it is one contin- 
uous organ from the region of the micro- 
pyle through the nucellus and mega- 
spore membrane, into and winding 
through the endosperm; (b) throughout 
its length a uniform diameter is main- 
tained; {c) only primary tissues are ap- 
parent, with little evidence of matura- 
tion of cells; and (d) the incipient vas- 
cular elements are apparently central. A 
summation of these facts seems to estab- 
lish the identity of this tissue as being 
that of an intruded rootlet. 

If further evidence were needed, it 
seems amply supplied by the masses of 
apparently inextricable rootlets of com- 
parable dimensions and anatomy which 
are sometimes observed in the matrix 
exterior to the seeds and by the fact that 
there are other recognizable intruded 
plant fragments, as the sporangium 
shown in diagram in figure 4A and in de- 
tail in figure 4B, 

Collection II. — The pieces of cal- 
careous shale of this collection were kind- 
ly and generously supplied by L. R. Wil- 
son of Coe College. He writes of their 
source: “The material was collected from 
the strip mine of the What Cheer Clay 
Products Company. The Iowa Geological 
Survey does not seem to have studied the 
section very thoroughly in the vicinity of 
What Cheer, Keokuk County. However, 
its position in the Des Moines Series ap- 
pears to be rather low.” 
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Of this material, there were dozens of 
flattish pieces of limestone, each one 
studded with two or more seeds. In one 
piece, which was about 3 inches square 
by inch thick, portions of fifteen dif- 
ferent seeds were exposed, and, upon 
grinding the piece of rock still others 
were revealed. Intermingled wi^Cardio- 
carpon were layers of leaves and some 
stem apices, both of which appear to 
be of Cordaitean origin, as well as nu- 
merous other pieces of roots, stem, spo- 
rangia, and spores. 

More than a hundred seeds have been 
examined and have been observed in al- 
most as many planes. In their size, their 
gross topography, and their internal 
anatomy, in so far as it could be deter- 
mined, these specimens bear a striking 
resemblance to those of the former col- 
lection. Only those seeds or such por- 
tions of them possessing certain features 
that make a contribution to our knowl- 
edge of the group will be described. 

Many specimens were found with the 
integument apparently intact, and from 
them it was possible to get good views 
of the sarcotesta and the characteristics 
of the several layers of cells composing 
it. In a surface view the epidermal cells 
appear golden brown, but in section the 
material responsible for it is clearly 
shown to be limited to the outer or super- 
ficial walls of the cells, and, therefore, it 
is thought to represent the cutin (fig. 16) . 
With one exception the remaining layers 
of the sarcotesta, both in extent and in 
size of the cells, are similar to the com- 
parable layers of the seeds described 
above. The exception is in the elongated 
cells adjacent to the sclerotesta (figs. 19, 
20). While no markings were observed 
on the walls of any of these elongated 
cells, it is thought that they indicate the 
presence and position of vascular ele- 
ments in the outer fleshy layer, as shown 


in the reconstruction (fig. 26). Moreover, 
these elongated cells are apparently con- 
fined to narrow zones or discrete strands, 
for in most places the cells of the inner- 
most layers of the sarcotesta are not 
elongated but are isodiametric (figs. 

7,9)- 

The sclerotesta (figs. 19, 20, 21, 22), in 
the size of the cells composing it, in its 
extent, and in its configuration, is in gen- 
eral aspect conformable with that layer 
of the former specimens; still, some addi- 
tional features are revealed because of 
the more complete preservation. For 
most of the extent of the sclerotesta the 
cells are isodiametric, but about the 
chalazal region and again in the vicinity 
of the micropyle they are irregular, some- 
what elongated, and interlocking. Nor 
are the cell walls always as thick as is 
shown in figures 19 and 20, in which the 
lumen, in section, appears to be reduced 
to a narrow slit or is almost nonexistent, 
Occasionally an ovule is encountered in 
which, throughout the region of the 
sclerotesta, the walls are much less thick 
and the lumen is a generous proportion 
of the cell (fig. 22). 

Elongated cells characterize the inner 
fleshy layer, as was described above 
(fig. 20). This tissue is demonstrated to 
be more extensive than was evident in the 
former specimens, for it not only com- 
pletely surrounds the nucellus but ex- 
tends into and lines the micropylar canal 
(figs. 182I, 18B). 

In a number of instances there is very 
good evidence of the divergence of the 
integument and the nucellus, and in each 
case the pattern conforms to that shown 
in the reconstruction (fig. 26). Not only 
is there very little preservation of the nu- 
cellar tissue, but the few remaining cells 
show considerable disintegration, as if the 
layer had broken down before petrifac- 
tion occurred; there is evidence of a 




Figs. 16-22,— Cardiocarpon. Fig. 16, surface view of epidermal cells of integument. Fig. 17, tangential 
section through sarcotesta. Fig. i8il, diagram of micropylar region of integument. Fig 18^, detail of 
inner fleshy layer from ^1: mic, micropyle; el, elongated cells of integument which line micropylar canal. 
Figs, 19, 20, sections through integument: elongated cells of sarcotesta-^?, inner fleshy layer. Fig. 22, por- 
tion of sclero testa from seed in which walls of sclerotesta were not so thick. 
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prominent nucellar beak (figs. iSA , 26) . tophyte, nor is there any tissue that can 
The tapetal cells of the nucellus verify be demonstrated as being embryo, 
the description recorded for that layer In some instances there is within the 
from the seeds of collection I. megaspore membrane some organic ma- 

Almost every specimen examined, terial which is conceivably endosperm, 
whatever the degree of preservation, has There is some indication of cellular or- 
some portion of the pronounced mega- ganization of this material, but it is with- 
spore membrane (figs. 23A , 25, 26) ; and out cell walls and is of such an amorphous 
in many of them it appears to be intact, nature that no clue is left as to its orig- 
Within the megaspore membrane there inal structure (fig. 24). 
is no tissue that is manifestly megagame- It is both interesting and curious that 



Figs. 23-24. — Cardiocarpon. Fig. 23^, rootlet in region of endosperm. Fig. 23B, detail of rootlet in longi- 
tudinal section. Fig. 23C, rootlet in transverse section. Fig. 24, portion from tangential section showing ; 

indication of cellular organization of endosperm: endosperm. 
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in fully half these seeds there were 
lengths of rootlets which, in their propor- 
tions and in their structure, in so far as 
they are demonstrable, are comparable 
to the one shown in figures 13, 14, and 
15. In some specimens only a few short 
lengths were visible, whereas in others 
long pieces of rootlets apparently wound 
around and back and forth throughout 
the region of the endosperm (fig. 23-4). 
Again, some rootlets are clearly within 
the megaspore membrane (fig. 23^!), 
while others are found inserted between 
the integument and nucellus. Moreover, 
in some cases the rootlets seemed to have 
entered from the micropyle; in others 
pieces of rootlets are associated with rup- 
tured places in the integument near the 
chalazal end of the ovule, as if they had 
made their entrance or exit from that re- 
gion. Regardless of its position within the 
ovule or of its fragmentary condition, the 
rootlet maintains a constant diameter 
and apparently uniform structure (figs. 
23-B, 23C), thereby removing any possi- 
bility of its being regarded as an embryo 
or portion thereof. 

Some associated eragments 

CORDAITEAN LEAVES.— Of the associ- 
ated plant fragments, the most conspicu- 
ous and the most abundant were some 
leaves of CordaUes. These were found 
stratified throughout the pieces of lime- 
stone and were arranged layer upon lay- 
er, Their size, parallel venation, and the 
longitudinal strands of sclerotic cells es- 
tablish these leaves in the genus Cor- 
da/iteSj hut beyond that the preservation 
is too meager to admit specific identifica- 
tion. Nevertheless, certain features are 
worthy of record because of their value 
in subsequent investigations and also be- 
cause these leaves may prove to be a 
link in establishing the identity and 
structure of the vegetative organs that 


produced the above-described speci- 
mens of Cardiocarpon. 

The leaves were relatively large. Some 
of the pieces had a constant width of 
about I inch for 2 or 3 inches in length, 
and they must then have been much 
longer. Preservation was limited to the 
sclerotic and cuticularized cells, and it is 
the latter that provides the pattern of 
the epidermis (fig, 27). Areas like the 
one shown in figure 27 are extremely lim- 
ited, but they do indicate two character- 
istics of the epidermis: {a) there is a 
definite and regular arrangement of the 
stomata and {h) in surface view the 
guard cells are not visible; therefore, the 
stomata must have been sunken. 

Stem apex. — ^A few stem apices were 
encountered, one of which is shown in 
figure 25. No stem tip was found in or- 
ganic connection with the Cordaitean 
leaves or with the specimens of Cardio- 
carpon, yet all three — the stem tip, the 
mature leaves, and the ovules — have cer- 
tain cell characteristics in common, and 
it is believed that all may have been part 
of one plant. As in the case^of the leaves 
there is so little preservation that only 
the general topography of these stem tips 
is evident. The closely imbricated ar- 
rangement of the small leaves or bracts 
indicates that these tips were buds. Some 
buds appear to be strictly vegetative, 
while interspersed among the append- 
ages or bracts of other tips were micro- 
sporangia filled with innumerable micro- 
spores. 

Discussion 

These specimens of Cardiocarpon seem 
to be conformable, in so far as they are 
preserved, with Cardiocarpus spinatus 
Graham, a species based upon two speci- 
mens from Richland County, Illinois 
(ii). Darrah (5) has described some 
similar seeds from the vicinity of Wau- 
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kee, Iowa; and, while he employs the 
generic term. Cordaicarpus instead of 
Cardiocarpus, he believes his specimens 
to belong to the same genus and species 
as those described by Graham. However, 
inasmuch as Graham’s specimens were 
incomplete and his specific term was de- 
rived from the spiny character of the 
stony layer of the integument, a char- 
acter which would not be visible if the 
seed were entire, it seems questionable 
whether the term spinatus is appropri- 
ate. Furthermore, both Newberry (14, 
IS, 16) and Lesquereux (12, 13) have 
figured specimens of Cardiocarpon which, 
from the illustrations, are so much like 
the recently described ones that a com- 
parative study would doubtless provide 
an already established specific name. The 
descriptions of the earlier investigators 
did not include cell structure and anat- 
omy but were based upon superficial char- 
acters of size, shape, and markings. By a 
comparison of such superficial characters, 
the above-described specimens appear 
strikingly like Cardiocarpus affinis Lesq. 
Therefore, except for retaining Brong- 
niart’s (3, 4) generic term Cardiocarpon, 
the same name, Cardiocarpon affinis 
Lesq., is here provisionally applied. 

Summary 

I. The plant fragments herein de- 
scribed were found in two collections of 
shaly limestone. Both collections were 
from the Upper Carboniferous: collec- 


tion I came from a coal mine near Lucas, 
Iowa; collection II, from a strip mine in 
the vicinity of What Cheer, Iowa. 

2. Of the plant fragments in both col- 
lections, Cardiocarpon was the most con- 
spicuous. The description and recon- 
struction of Cardiocarpon are based upon 
an investigation of more than a hundred 
different specimens. 

3. No specimen of Cardiocarpon was 
found attached to vegetative organs. 
They are cordate, platyspermic seeds and 
measure about i cm. wide, by i cm. long, 
by 5 mm. thick. There is a single integu- 
ment of three layers: sarcotesta, sclero- 
testa, and inner fleshy layer. There is 
evidence of a double vascular system, 
one series in the sarcotesta and one in the 
inner fleshy layer. 

4. Some specimens appear to have 
archegonia. Within the endosperm • of 
many of them there is extraneous and 
intruded plant tissue. 

5. These specimens are apparently 
conformable with Cardiocarpon affinis 
Lesq., and, as such, have been provision- 
ally designated. 

6. The associated fragments are: 
leaves of Cordaites; stem tips with buds, 
in some of which are found microsporan- 
gia, of Cordaites; some unidentified root- 
lets; and some unidentified fern spo- 
rangia. 

Mount Holyoke College 
South Hadley, Massachusetts 
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CONTROL OF FLOWER FORMATION AND 
FRUIT SIZE IN THE PINEAPPLE 

J. VAN OVERBEEK^ 


Introduction 

Auxins affect, and under certain con- 
ditions control, a variety of physiological 
processes. Among these may be men- 
tioned elongation of stems, formation 
and growth of roots, development of 
lateral buds, abscission, water uptake, 
protoplasmic streaming, and enzymatic 
processes. In general, one may say that 
auxins exert their effects to higher plants 
as a whole rather than on- a specific 
group or species. An exception seems to 
be flower induction in the pineapple. It 
has been shown, so far, that only this 
plant and perhaps some other brome- 
liads"' respond to these substances by 

^ The assistance of BDIctor J. Cruzado, Elba 
Santiago de V.^zquez, and Guillermo Davila is 
gratefully acknowledged. 

* Billhergia and some other bromeliads respond to 
ethylene (4), as do pineapples (8, 3). 


forming flowers. The possibility exists, 
however, that auxins have a genera! role 
in flower formation, even though this has 
not been demonstrated as yet. It was 
therefore felt that a study of flowering in 
the pineapple might give rise to informa- 
tion applicable to the control of flowering 
in general. 

The fact that auxins do not induce 
flowering when applied to most plants 
could be interpreted as a lack of relation- 
ship between auxin and flowering. But it 
has been shown (ii) that applications of 
auxins to cuttings are without effect 
unless they can act co-ordinately with 
substances produced by the leaves. 
These substances were later identified as 
certain sugars and nitrogenous com- 
pounds (13). In other words, the part 
auxin plays in floral initiation may be 
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masked by the absence of other requisite 
factors. 

Flower eormation in the pineapple 
PLANT.— During its vegetative phase of 
growth, the axis of the pineapple plant 
remains short, and the apex continues to 
produce foliage leaves. Without treat- 
ments this vegetative apex may change, 
during the winter months, into one which 
produces an inflorescence. A description 
of this process has been given by Cooper 
(3). When flower formation takes place, 
the formation of foliage leaves is halted 
and the axis begins to elongate (fig. i). 

One may distinguish between pine- 
apple varieties of which a large per- 
centage of the plants flower at normal 
flowering time and others which are char- 
acterized by a low percentage of flower- 
ing. Among the first the Red Spanish, the 
principal commercial variety in Puerto 
Rico, may be named. During the winter 
season not only all mature plants but 
also many immature plants flower. The 
flowering of immature plants is highly 
undesirable. 

The Cabezona is a variety of the op-, 
posite type. During the flowering season 
only a relatively small percentage of the 
mature plants flower, and rarely is a 
flower formed on an immature plant. In 
our experience the Cabezona flowers 
very infrequently during the first year 
after planting, about 25% of the plants 
produce flowers during the second year, 
and the remaining plants, although of 
mature size and capable of bearing large 
fruits, will produce in later seasons. It is 
not uncommon to find plants which pro- 
duced their first fruit during their fifth 
season. This natural tendency to limited 
flowering makes the Cabezona highly 
suitable for experiments with flower- 
inducing substances. Delayed flowering 
is a liability from the commercial stand- 
point at present, but this characteristic 


can be turned into an asset, as will be 
shown in the discussion. 

Methods 

The Cabezona, which is the commer- 
cial variety of the Lajas Valley, was used 
for the experiments here reported. Pre- 


Fig. I.— Dijfferent stages of elongation of axis of 
Cabezona pineapple. Plants 27 months old. Leaves 
stripped. Left, vegetative stage. Center, early 
(natural) flowering stage, about 7 weeks after flower 
initiation. Right, 3 months and 20 days after treat- 
ment with 10 p.p.m. naphthaleneacetic acid (NA). 
Photo, December 26. 

liminary experiments were carried out at 
Mayagtiez, but the bulk of the work was 
done at the Ortiz^ farm at Lajas, There 
the average rainfall is 29 inches annually, 
with a dry season occurring during the 
winter and spring months (5) . The plants 
were 14 months old when the work was 
begun and 28 months old when the pres- 
ent experiments were terminated. 

5 The author is indebted to Dr. A. Ortiz Romeu, 
who generously made part of his best plants avail- 
able for experimentation. 




Applications of flower-inducing sub- 
stances were made to the center of the 
plant. Each plant was treated only once. 
In the early experiments a pressure 
spray pump was used, and leaves around 
the center were also sprayed. In later ex- 
periments the solutions were poured in 
the center of the plant with a small 
beaker. In both instances 50 cc. were 
applied per plant. The use of Carbowax 
added to the solutions was found to be of 
no benefit. Nontreated controls alter- 
nated with treated plants in every row. 


Observations were made once per 
month, and counts for flowering were 
made 2 months after treatment. All 
fruits mentioned were first fruits and not 
ratoons. When statistical analyses were 
made, the methods^outlined by Snede- 
COR (9) were followed. 
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Fig. 2. — Blower induction in Cabezona pineapple 
throughout ymr by single treatment with naph- 
thaleneacetic acid (NA). Each plant received 50 cc. 
of solutions. Plants were 2 years old (after planting) 
in September, 1945, when last treatment was made. 
Each point represents average of 40-50 plants. 

Naphthaleneacetic acid (N A) was the 
principal compound used. An aqueous 
stock solution of 0.1% was carried to the 
field, where further dilutions were made 
with distilled water. The acid of this 
stock solution was neutralized with 
KOH, NaOH, or NH4OH in order to 
prevent the NA from crystallizing. No 
difference in flower-inducing ability was 
found between the K, Na, or NH4 salts 
of NA, or between the salt and the acid. 
Another series of experiments was per- 
formed using 2,4-dichlorophenoxyacetic 
acid (2,4-D), neutralized as indicated 
above, as a flower-inducing agent. 


Fig. 3. — Flower formation in Cabezona pineapple 
7 weeks after treatment with 10 p.p.m. NA. At time 
of treatment plant was 24 months old. Photo, 
November 12. 

Results 

Response to flower-inducing agents 

THROUGHOUT THE YEAR 

When the investigations were begun, 
no data on flower induction by means of 
chemical treatments throughout the dif- 
ferent seasons were available. From 
Hawaii a single case was reported in. 
which flowering 4 months ahead of the 
normal time was obtained (i), and from 
Florida it was reported that NA treat- 
ments given during July, August, and 
September were not successful, while 
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those given during October were (2). As tion (fig. 2), while 5 p.p.m. appear to be 
has been shown in a preliminary note just as effective as 10 p.p.m. (fig. 5). The 
(10) and in figuie 2, NA will induce greater response to i p.p.m. during the 
flowers in every month of the year, period from December to May (fig. 2) is 
Throughout the year the plants re- most likely attributable to a period of 
sponded with great regularity to 10 relative drought and not to changes in 

sensitivity. During dry weather there is 


CONCENTRATION 


Fig. 5. — Flower induction as function of con- 
centration of NA and 2,4-Dj applied by a single^ 
treatment in July, when plants were 22 months 
old. Each value represents average of 40 “ 5 <^ plants. 


for I, 5, and 10 p.p.m., respectively, 
0.05, 0.25, and 0.5 mg. per plant. Within 
certain limits it is immaterial whether 
NA is applied in relatively strong or 
weak solutions as long as the total 
amount applied remains the same (table 


Fig. 4. — Fruit of Cabezona pineapple at harvest 
(December 19 j out of season) 5 months after treat- 
ment (July 21). At harvest, plant was 27 months old, 
had 40 mature leaves, and fruit weight of 4.7 kg. 
This plant, and consequently its fruit, is larger than 
average for its age (see fig. 8 and table 2). Note 
“slips” below fruit, which are used for propagation. 


Relation between number of 

LEAVES AND FRUIT WEIGHT 

It is well known that small pineapple 
plants produce small fruits and large 
plants large fruits (3) . In order to inves- 
tigate this relation more precisely, a 
number of experiments were performed 
in which individual fruits were weighed 
at harvest time, and, in addition, leaves 
which were green and over a foot in 


p.p.m. NA, which caused practically 
100% flowering. Flowers became ex- 
ternally visible approximately 7 weeks 
alter treatment (fig. 3), and fruits were 
ready for harvesting approximately 5 
months after treatment (fig. 4). 

A concentration of i p.p.m. appears to 
lie just at the threshold of flower indue- 
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TABLE 1 

Flower formation on 2 -year-old Cabezona 

PINEAPPLE PLANTS AFTER TREATMENT WITH 
o.S MG. OF NAPHTHALENEACETIC ACID (NA) 
IN DIFFERENT AMOUNTS OF DILUENT. TREAT- 
MENTS ON October s, i 94 S* Observations 
ON December 19, 1945 


Solutions applied 

Total 
mg. NA 
Iper plant 

No. of 
plants 
treated 

% 

flowering 

50 CC. of 0.001%. 

0.5 

26 

81 

5 CC. of 0.01% 

0.5 

33 

76 

3 drops of 1% in ale — 

0.5 

27 

30 

None 

0 

88 

0* 


* Forty days later, on January 29, 1946, 23% of the controls 
were in flower because the flowering season had arrived. 


length on each plant were counted, dead 
leaves and small ones being omitted. 
The fruit weight included the weight of 
the crown. 

Figure 6 shows the result of such a 
test in which five hundred fruit weights 
were correlated with leaf numbers. Each 
fruit is represented by a cross. The plants 
were grown on a dry hillside without ir- 
rigation or fertilizer. When 18 months 
old, they were treated with 0.25 rng. of 
NA per plant. All flowered, regardless of 
size, and produced fruits which were 
harvested at the end of August, about 4|- 
raonths after treatment. 


70 


50 



KG. 


WEIGHT OF FRUIT 


Fig. 6.— Relation between number of leaves per plant and weight of pineapple it produces. On April 15 
plants were treated with 5 p.p-xn. NA, when they were 18 months old. Harvest took place on August 24. 
Plants grew' under adverse conditions. Slanting solid line is regression line; broken lines on both sides in- 
dicate standard error of estimate. 
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The correlation between leaf number 
and fruit size is statistically highly sig- 
nificant. A correlation coefficient of 0.76 
was found; under the conditions of the 
experiment only 0.12 is required at the 
1% level. The average fruit weight was 
1.65 kg. and the average number of 
leaves 27.4. These values are represented 
by + in the diagram of figure 6. The 
regression coefficient was 11.5, which 


crosses of figure 7 show the relation be- 
tween leaf number and fruit weight on 
nontreated plants. The plants were 22 
months old when harvested during the 
middle of May. The circles, on the left, 
show the relation between leaf number 
and fruit weight of plants treated with 
10 p.p.m. NA on November 25, and 
which were 20 months old at the time of 
harvest. The fruits of plants which had 


Fig. 7. — Relation between number of leaves per plant and weight of its fruit produced during normal 
season (crosses). Plants were 22 months old at time of harvest (May 15). Circles on left represent additional 
data for small plants treated with 10 p.p.m. NA when 14 months old and harvested at same time as naturally 
produced fruit. Plants grew under good conditions and may be compared with those of fig. 8. 


2 3 4 5 KG' 

WEIGHT OF FRUIT 


signifies that an increase of 11.5 leaves 
was accompanied by an increase of i kg. 
in fruit weight. From these data the 
regression line was constructed, which is 
represented as the slanting solid line in 
the diagram. Finally, the standard error 
of estimate was calculated, the value of 
which is indicated by the broken lines on 
each side of the regression line. 

Two additional correlation tests are 
given in figures 7 and 8. The plants of 
these tests were grown under excellent 
conditions on land where the plants re- 
ferred to in figures 2 and s grew. The 


flowered naturally (crosses) represented 
only 8% of the total number of non- 
treated plants in that block. They were 
all large plants. Some additional plants 
(12%) were flowering at that time and 
produced fruits later in the season, while 
the remaining 76% did not flower during 
this season. Nearly 100% of the young, 
treated plants (circles) flowered (fig, 2). 

Regression lines were constructed for 
fruits of 3 kg. or less and for fruits of 
more than 3 kg. The correlation coef- 
ficients (0.79 and 0.41, respectively) 
were statistically highly significant. The 
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regression lines and the standard error of 
estimate are shown in the diagrams in the 
same manner as in figure 6. 

The diagram for figure 7 is comparable 
to that of figure 8 in that plants of the 
same block were used. They differ in 
that the plants of figure 8 were all 
treated with NA and harvested out of 
season (December 19). Treatment took 
place on July 21 , when the plants were 22 
months old. A comparison of figures 7 


or out of season and with treatment 
(fig. 8). 

Comparison between NA and 

2, 4-D TREATMENTS 

Previously (10) it was shown that 
with 2 ,4-dichlorophenoxyacetic acid 
(2,4-D) flowers may be induced with 
equal facility as with NA (fig. 5). Fruit 
production with 2,4-D is, however, 
somewhat delayed. For instance, in one 

TABLE 2 

Comparison at harvest time (December 19) 
OF pineapple plants of Cabezona 
variety treated with naphthalene- 
acetic ACID (NA) and 2,4-DICHLOROPHE- 
noxyacetic acid (2,4-D). Pooled data of 
concentrations of 5 AND lo P.P.M. TREAT- 
ments on July 21, 1945 


WEIGHT OF FRUIT 

Fig. 8. — Relation between number of leaves per 
plant and weight of its fruit produced out of season. 
This diagram represents plants treated with NA 
(pooled data of 5 and 10 p.p.m.) on July 21, when 
they were 22 months old. Fruits harvested on De- 
cember 19 and January 4 (pooled data) . Cross marked 
NA shows average weight and average leaf number 
of NA-treated plants. Cross marked 2,4-D shows 
same for plants treated with 2,4-D with same con- 
centrations and at same time as NA plants. Plants 
grew under good conditions in same block as those of 
fig. 7. Data of figures 7 and 8 are comparable 
(further data in table 2). 


and 8 shows that NA-induced fruit, 
which was produced out of season, had 
exactly the same weight as that produced 
without treatment during the regular 
flowering season. For example, in order 
to produce a 4-kg. fruit during the sea- 
son, an average number of thirty- two 
leaves is required (fig. 7). For NA-in- 
duced fruit, harvested out of season, we 
found precisely the same relation (fig. 8). 
Similarly, an average of twenty-eight 
leaves will give a fruit of 3 kg., regardless 
of whether the fruit was produced during 
the season and without treatment (fig. 7) 


i 

j 

NA 

2,4-D 

, Differ- 
ence* 

Av. no. of leaves 

25.2 

(100%) 

21.8 

(86.5%) 

3-4 

( 13 - 5 %) 

Av. wt. of fruit (kg.).. 

2.78 

(100%) 

2.18 

(78.5%) 

0.60 

( 2 I-S%) 

Av. length of fruit 
stalk (cm.) 

34-9 

(100%) 

28.8 

(82.5%) 

6.1 

(17.3%) 

Degrees of freedom . . . 

75 

105 



* All differences statistically highly significant. 

test of 96 NA-treated plants 79% were 
harvested 5 months after treatment. Of 
109 comparable plants treated with 
2,4-D only, 56% had harvestable fruit 
5 months after treatment. The remaining 
fruits were harvested 3 weeks later. 
Table 2 summarizes the results of flower 
induction with NA and 2,4-D. It is of 
interest to note that the smaller average 
weight of fruits of the 2,4-D plants, as 
compared with the NA plants, is accom- 
panied by a proportionately smaller leaf 
number. This places the point (+) for 
average fruit weight and leaf number for 
2,4-D plants exactly on the regression 
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line for NA (fig. 8). This suggests that 
the lower average weight of 2,4-D fruit is 
caused by a lower leaf number of the 
2,4-D plants as compared with those 
treated with NA. This, in turn, maybe an 
effect of 2,4-D in preventing some leaves 
which were young at the time of treat- 
ment from reaching maturity. The inter- 
ference of 2,4-D with normal leaf growth 
is well known (14) , and certain relatively 
tender-leaved varieties of pineapple, 
such as the Smooth Cayenne, showed 
leaf deformations after treatments with 
low c|uantities of 2,4-D. 

Discussion 

Theoretical aspects 

Which factors, external and internal, 
are responsible for the fact that under 
natural conditions flowers are initiated 
in the pineapple only in the winter sea- 
son? Since the first flowers of the pine- 
apple appear in December (fig. i), 
flower initiation must have taken place 
early in November. When one examines 
which external factors are different in 
November as compared with the months 
preceding it, the decrease in length of 
day is especially notable. When length of 
day is plotted against the time of year, 
one finds for Puerto Rico that from April 
to August the length of day does not 
change greatly. For the middle of the 
month the daylengths are April, 1 2’^'34“ ; 
May, 1 2*' 59’"; June, i3’’i2’"; July, 13^7"’; 
August, i2‘’45"’. After x\ugust the length 
of day drops relatively sharply: Septem- 
ber, 12*’ 14’"; October, ii*'44’"; Novem- 
ber, After November it does not 

drop much farther: December, 
January, 11’’ lo”. Then a rise sets in 
again: February, ii’’ 34 '"; March, i2*’2”. 

October and November, therefore, 

4 Meteorological data obtained through courtesy 
of Dr. N. F. Childers of the Federal Experiment 
Station. 


must be critical months for the initiation 
of flowers in short-day plants. This is 
demonstrated by sugar-cane varieties 
which respond to changes in the length 
of day (7), and which in Puerto Rico al- 
ways arrow with great regularity in the 
middle of November. 

Preliminary data indicate that the 
pineapple also rhay be a short-day plant. 
Not only does its flowering period coin- 
cide with the period of the shortest day- 
length but it appears that an artificially 
increased daylength prevents natural 
flowering (but not chemically induced 
flowering). This was shown by rigging 
four 200-watt bulbs above forty-six pine- 
apple plants. These were approaching 
their third season but had not yet 
flowered. By means of a time switch the 
lights were turned on from 7:00 p.m. 
until midnight. This light treatment was 
begun in August and was continued until 
January. After one month of extra il- 
lumination five plants were given 10 
p.p.m. NA. Control plants, not receiving 
additional light, were treated similarly. 
Twenty days later five additional plants 
under the lights and five controls re- 
ceived 10 p.p.m. NA. Two months after 
the NA had been applied the plants re- 
ceiving extra light flowered as well as the 
controls which had not received extra 
illumination. A long day, therefore, can- 
not prevent naphthaleneacetic acid from 
inducing flowers in the pineapple plant. 

The same experiment yielded addi- 
tional information. In February, well 
within the normal flowering season, 41% 
of the 223 control plants (not illuminated, 
or treated chemically) had formed 
flowers. On the other hand, none of the 
36 illuminated but nonchemically treated 
plants had then flowered. This suggests 
that the pineapple plant is a short-day 
plant. Further experiments are neces- 
sary, however, to ascertaiii this. It has 
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also been suggested that flower forma- 
tion in the pineapple may be a response 
to relatively low temperature (6) . 

Which internal factors make the pine- 
apple plant flower during the normal sea- 
son? Since as little as 0.05 mg. per plant 
of naphthaleneacetic acid (fig. 2, the i 
p.p.m. curve) is in some cases suflicient 
to force a plant into ’ flowering, it is 
tempting to attribute the normal flower 
production to increased hormone ac- 
tivity. Auxin analyses of the pineapple 
plant are necessary to provide further 
evidence. Such an analysis is feasible at 
present, because a convenient extraction 
method exists (12) for the determination 
of free auxin in plant materials. 

It should not be overlooked, however, 
that the level of nutritional materials, 
such as carbohydrates and nitrogenous 
compounds, may undergo critical changes 
during the winter season which bring 
about flower induction. Nightingale’s 
detailed observations of the Smooth 
Cayenne in Hawaii (6) have shown that 
plants deficient in nitrate and high in 
carbohydrates may fruit months earlier 
than others that contain more liberal 
nitrate reserves but a lower concentra- 
tion of carbohydrates. It is not unlikely 
that a co-ordinated action of hormones 
of the auxin type and of nutritional fac- 
tors determines the flowering of the pine- 
apple plant, just as such action deter- 
mines root formation in cuttings (ii, 

13). 

Practical aspects 

By making use of diagrams such as 
presented in figures 6-8, the pineapple- 
grower can, with the aid of flower-induc- 
ing chemicals, control not only the time 
of harvest but the weight of his fruits as 
well. Since the vegetative growing-point 
changes into a floral apex after treat- 
ment, no additional foliage leaves are 


formed. Thus, for all practical purposes, 
the plant has to nourish its fruit with the 
leaves it has at the time of treatment. / 

When, for the particular conditions of 
a plantation, the leaf-number/fruit- 
weight diagram has been worked out, the 
weight of the fruit at harvest time can be 
predicted at the time of treatment. In 
addition, when a certain fruit size is de- 
sired, this can be obtained by treating 
the plants at a stage when they have a 
number of leaves which in the diagram I 

corresponds to the desired fruit size, * 

For example, when plants are growing | 

under the conditions of figures 7 and 8, ^ 

and a fruit weight of 3 kg. is desired, 
plants having between twenty-one and 
thirty-one leaves should be treated. 

When a smaller fruit size is desired, for 
instance, 2 kg., the plants should be 
treated when they have between sixteen 
and twenty-six leaves. 

The experiments reported here with 
Cabezona pineapples demonstrate how 
controlled pineapple production through- 
out the year is possible. In these experi- I 

ments, as demonstrated above, fruits 
weighed no less when produced out of 
season. 

In order to have fruits of the desired 
size throughout the year, it is essential to 
have plants available of a size suitable 
for treatment throughout the year. This 
is possible for the Cabezona, which 
fiow^ers with difficulty during the natural 
flowering season, because no undesirable 
flowering of immature plants takes place. 

A plant which flowers prematurely is lost j 

for production. 

In the opinion of the writer the low 
fruit weights which are reported when 
the Red Spanish variety is forced into 
flower outside the natural season are due 
to the fact that the plants treated are 
not sufficiently mature to support a 
large fruit. A continuous supply of plants 
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suitable for treatment is not available in 
this readily flowering variety because of 
loss due to the flowering of immature 
plants during the winter season. . 

For production throughout the year, 
without an accompanying fruit loss dur- 
ing the out-of-season months, it is there- 
fore necessary to prevent undesired 
flowering of immature plants. This may 
be accomplished by using varieties such 
as the Cabezona which have a natural 
tendency to limited flowering, or by pre- 
venting flowering in the easy-flowering 
varieties by physiological means. 

Summary 

1. In the Cabezona variety of pine- 
apple naphthaleneacetic acid (NA) can 
induce flowers in every month of the year 
(fig. i). 

2. Amounts of NA as small as 0.05 mg. 
per plant are capable of inducing flowers 
in a limited number of plants (i p.p.m. 
curve of fig. i), while 0.25 and 0.5 mg. 
per plant cause practically 100% flower- 
ing. 


3. Fruit weight depends upon the size 
of the plant. The correlation between the 
number of leaves of a plant and the 
weight of the fruit it produces was deter- 
mined (figs. 6~8). 

4. Although 2,4-dichlorophenoxyacetic 
acid (2,4-D) has flower-inducing powers 
equal to NA (fig. 5), fruit induced by 
2,4-D shows a lower average fruit weight 
as compared with fruit induced by NA 
(fig. 8 and table 2). This may be due to 
the adverse effect of 2,4-D on the devel- 
opment of young leaves. 

5. Preliminary data indicate that the 
pineapple may be a short-day plant and 
that long-day conditions prevent natural 
flowering but not flowering induced by 
NA. 

6. A method is outlined which makes 
fruit production in pineapples possible 
throughout the year without the loss of 
fruit weight now experienced by com- 
mercial growers when they force plants 
into flower out of season. 

Institute of Tropical Agriculture 
Mayaguez, Puerto Rico 
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A COMPARISON OF HISTOLOGICAL RESPONSES OF BEAN- 
PLANTS TO TRYPTOPHANE AND TO LOW CONCEN^ 
TRATIONS OF INDOLEACETIC ACID 

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 574 
MARY AILEEN MURRAY AND A. GERALDINE WHITING 


Introduction 

Tryptophane is one of the many chem- 
ical compounds which have been studied 
as growth-regulating substances. Its ef- 
fects, however, have been questioned. 
Went and Thimann (9) considered 
tryptophane itself an inactive compound 
which is changed into an active sub- 
stance in the plant. They stated that if 
tryptophane is applied to Avena, curva- 
tures result in approximately 2 hours. 
During this period, they presumed, the 
tryptophane is converted into indole- 
acetic acid. The basis for this assumption 
is the known conversion of tryptophane 
into indoleacetic acid by bacteria and 
fungi. More recent chemical evidence on 
the problem has been presented by 
Avery and Berger (i), certain of whose 
experiments showed a significant dis- 
crepancy between the low yield (o.oi 5%) 
of indoleacetic acid from pure trypto- 
phane and the higher yield (0.022%) of 
indoleacetic acid from the natural pre- 
cursor in plant tissues (crude corn) . From 
these experiments and from other re- 
ports, Avery and Berger felt safe in 
concluding that tryptophane is not iden- 
tical with the corn auxin precursor to 
which most of the activity is attributable 
but that tryptophane is a plant auxin 
precursor of a low degree of activity. 

Both indoleacetic acid (5, 7) and 
tryptophane (6) have been studied in a 
seiies of experiments testing the growth- 
regulating effects of various compounds 
applied in lanolin to the cut surface of 


the decapitated second internode of 
young kidney-bean plants. Kraus (6) 
stated that tissue responses of the bean 
stem to application of tryptophane are 
similar in some respects to response to 
indoleacetic acid but are very different 
in many other respects. These differences 
seem to invalidate the assumption that 
tryptophane acts as a growth-regulating 
substance only after conversion to in- 
doleacetic acid. He compared responses 
obtained from applications of 3 and 
1.5% indoleacetic acid with the reac- 
tions resulting from treatment with 2% 
tryptophane. Since recent studies (i) 
have ‘ shown that the conversion of 
tryptophane results in a relatively small 
percentage of indoleacetic acid, the con- 
centrations of indoleacetic acid used by 
Kraus are far above those which might 
be expected from conversion of 2% 
tryptophane. Consequently, the ques- 
tion arises: Would the response induced 
by 2% tryptophane resemble more 
closely that induced by a lower concen- 
tration of indoleacetic acid? 

The purposes of this paper are {a) to 
report the results of histological studies 
with five concentrations of indoleacetic 
acid — 0.2, 0.02, 0.002, 0.0002, and 
0.00002%— and (b) to compare these 
histological responses with those de- 
scribed by Kraus for tryptophane. The 
materials and the methods are the same 
as those used in earlier studies of indole- 
acetic acid (7) and of tryptophane (6). 
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Results 

Following decapitation and treatment 
with indoleacetic acid, proliferation of 
many of the cells at the cut surface takes 
place. This applies especially to those 
cells which are parenchymatous or in- 
completely differentiated. As general 
proliferation progresses, the normal pat- 
tern of tissue organization is quickly 
lost. It is this growth which forms the 
tumor above the cut surface. Below the 
zone of general proliferation the pat- 
; ' tern o'f responding tissues is similar to 

the normal tissue arrangement in the 
stem. It is perhaps in this region that the 
most characteristic features of the his- 
tological effects of the various growth- 
regulating substances are to be found, al- 
though the character of the tumor may 
likewise be distinctive. With increasing, 
distances from the surface of application, 
the response becomes less pronounced, 
until a level is reached beyond which no 
effect is evident. The degree of reaction 
^ varies among individual plants- and from 

bundle to bundle within the stem, major 
bundles showing the greatest degree of 
reaction. Environmental factors also in- 
fluence the response. 

From gross observations and from 
preliminary studies of histological mate- 
rial for the five concentrations of indole- 
acetic acid, it is evident that response is 
greatest with 0.2%, less with 0.02%, and 
only slight with 0.002%. The two lowest 
concentrations (0.0002 and 0.00002%) 
are apparently below the threshold of 
effectiveness for indoleacetic acid to in- 
duce histological changes or tumor for- 
mation under the conditions of this ex- 
periment (fig. 13C). Response to these 
two concentrations is the same as that 
which may result from decapitation and 

application of pure lanolin. The essential 

features of the histological responses to 


the three effective concentrations are 
summarized in table i. Supplementary 
details and variations are reported in the 
followmg paragraphs. 

At the cut surface the epidermal cells 
are injured (fig. 9), and those cells im- 
mediately adjacent may enlarge slightly 
and divide in radial, transverse, or tan- 
gential planes. This response is limited in 
extent and may occur in any one of the 
concentrations of indoleacetic acid or in 
control material. Below this level the 
epidermis shows the usual adjustment to 
increase in stem diameter. However, with 
the extreme enlargement at points of 
root formation, rupture of the epidermis 
may occur. 

Response in the cortical parenchyma 
is correlated with the degree of concen- 
tration. With 0.2% indoleacetic acid the 
outer cortical parenchyma cells become 
conspicuously enlarged at the upper lev- 
els (fig. 7 A). Cell division is infrequent. 
The inner- parenchymatous cells, espe- 
cially those directly adjoining the endo- 
dermis, become meristematic (figs. 2A, 
3A) and, like it, form part of the capping 
tissues over root primordia (figs. 3B, 7A). 
Otherwise the derivatives mature as 
parenchyma. Cortical response is most 
pronounced in the upper 2 mm. of the 
stem tip and progressively decreases to 
the 3- or 4-mm. level. With the 0.02% 
concentration, cell enlargement is dis- 
tinctly less (fig. 4A). There may be a few 
divisions in the inner cells, but they do 
not become highly meristematic. This 
response extends approximately i mm. 
from the cut surface, with only traces 
below this. By the 4th day derivatives 
are maturing as parenchyma (fig. 5B). 
In the lowest effective concentration 
(0.002%) there appears to be no response 
in the cortical parenchyma (fig. 4-B). 

The endodermis is the most highly re- 
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sponsive tissue. By the end of 24 hours sponse is initiated by the end of 24 hours 
meristematic activity is induced by all and consists mainly of tangential divi- 
three concentrations which cause any re- sions which form a band of active tissue, 
sponse. With the highest concentration At upper levels this band may be as 
(0.2%) the endodermis shows an increas- much as eight cells deep over the major 
ing number of tangential divisions by the bundles of the stem (figs. iC, 2B) . At the 
2d day (figs. iB, ^A). By the 3d day it depth of i mm. the number of endoder- 
has become a relatively wide band of mal derivatives decreases, and only 
meristematic tissue (fig. 2 A) with the traces of activity are found below 2 mm. 
initiation of root primordia under way Root primordia were not observed in any 
at points of intense activity (fig. 3B). material treated with this concentration. 
The zone of root formation and intense By the 3d or 4th day derivatives begin 
reaction extends to approximately i mm. . to mature. This is made evident by the 
below the cut surface. Lower than this rounding-up of cells as parenchyma or 
the degree of meristematic activity de- by the occasional formation of reticulate 
creases rapidly. Tangential divisions are tracheids and weakly organized vascular 
fewer and the characteristic radial ar- strands (figs. 5B, jB, 13A). Vasculariza- 
rangement is more evident. Traces of tion follows the same course as in stems 
response are found 5-6 mm. below the treated with the higher concentrations, 
treated surface. Although the upper lev- The next lower concentration — ^0.002% 
els may remain meristematic in areas as- — induces noticeable response only in the 
sociated with root formation or vascular- endodermis at uppermost levels. By the 
ization (fig. 5A), evidence of maturation end of 24 hours tangential endodermal 
of the derivatives into parenchyma gen- divisions are evident over . two or three 
erally occurs by the third or fourth day. major bundles of the stem, frequently 
The formation of small vascular strands only along the sides of these bundles. By 
is initiated during the period of meriste- the 2d day the number of divisions may 
matic activity, and divisions in various increase slightly (fig. iD), after which 
planes result in patches of small cells, there is little change (figs. 5C, 13B). A 
By the 3d or 4th day certain of the cells depth of i mm. seems to be the level of 
in the center of the patch may mature histological response farthest from the 
as i-eticulate tracheids, whereas peripher- surface of application (figs. 4B, 6C). The 
al cells remain meristematic (figs. 6A, derivatives mature as parenchyma (fig. 
1 2B). The size and organization of these 2C). 

vascular strands increase until, in some The perky cle responds in a limited 
stems, large bundles are formed (fig. manner. At the upper levels with the two 
17D). Endodermal bundles are char- higher concentrations, the cells enlarge, 
acteristic of the upper millimeter of the often proliferate slightly, and mature as 
stem tip. Below this a few strands may parenchyma (figs. 3A, 4A , 7 A , 9) . At low- 
end blindly in the endodermis, but others er levels the pericyclic cells mature as the 
pass from the endodermis across the usual thick- walled fibers. The develop- 
pericycle into the phloem. ment as fibers is fairly well established 

Endodermal response at uppermost at 3 mm. with the 0.2% concentration, 
levels to the 0.02% concentration is sim- With the two lower concentrations, well- 
ilar to that below the zone of root forma- formed fibers may be observed at less 
tion with the highest concentration. Re- than the i-mm. level (fig. 6B, C). 
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Crushed pericyclic cells were only rarely 
observed. 

The primary phloem is nearly as sensi- 
tive as the endodermis, although the re- 
action is never as conspicuous. The ini- 
tial stages of response are cell enlarge- 
ment and an increasingly meristematic 
condition, which at the cut surface re- 
sults in general proliferation (figs. 4A, 
5,9). The greatest activity is found with 
the 0.2% concentration. The primary 
phloem parenchyma becomes highly 
meristematic and generally indistinguish- 
able from active endodermal and ray tis- 
sues at those levels in which root forma- 
tion takes place (fig. 2A). Below the root 
zone (somewhat below i mm.) the organ- 
ization of tissue areas is re-established 
and a lesser degree of proliferation in the 
phloem is evident. By the 4th day the 
derivatives, except those in the root zone, 
are maturing as parenchyma or are dif- 
ferentiating as vascular elements. With 
the 0.02% concentration the effects in 
the phloem are similar to those with the 
higher concentration at levels below the 
zone of root formation. Enlargement and 
cellular proliferation were observed to 
levels 2 mm. deep. The extent of the his- 
tological response to the 0.002% concen- 
tration is general proliferation at the cut 
surface. 

Vascularization of the primary phloem 
parenchyma commences with the organi- 
zation of groups of small meristematic 
cells, similar to those found in the endo- 
dermis. With the 0.2% concentration 
some of these cells may differentiate as 
short reticulate tracheids, and the organ- 
ization of a vascular strand may or may 
not follow. Poorly organized vascular 
strands were observed at the 0.5-mm. 
level (fig. 5^). They are better organized 
at lower levels (figs. 12.4, 144). As has 
already been noted, these vascular bun- 
dles may be in the endodermis at upper 


levels, with their course converging in- 
ward to pass across the pericycle, possi- 
bly at the I -mm. level, where these cells 
are meristematic, and thence into the 
phloem (fig. 9). Within the phloem these 
vascular strands extend downward for 
I mm. or more. Many of these bundles 
terminate in direct inward connections 
through a phloem ray with the secondary 
phloem, cambium, and secondary xylem 
of the stele (figs. io4, B, ii) ; other bun- 
dles may end blindly in the phloem. 
Branching of these vascular bundles may 
occur, especially toward the upper lev- 
els, where they pass outward through 
the pericycle into the endodermis. The 
origin, structure, and course of vascular- 
ization with the 0.02% concentration are 
similar. 

The secondary phloem is relatively 
unaffected by the various concentrations. 
At levels just below the cut surface, the 
parenchyma and immature elements 
may proliferate (fig. 4A). Response be- 
low this general proliferation is limited 
to parenchymatous elements which may 
show a slight degree of cell enlargement 

(fig. 25). 

The cambium, like other , undifferen- 
tiated tissues, tends to proliferate at the 
cut surface. Below the level of applica- 
tion the degree of activity is greatest 
with the 0.2% concentration and less 
with 0.02%; with 0.002% it is no greater 
than that found in stems decapitated and 
treated with pure lanolin. The zone of 
undifferentiated cells about the cambium 
becomes proportionately wider. Matura- 
tion of these undifferentiated cells indi- 
cates that the larger number of deriva- 
tives is cut off toward the xylem. 

Xylem vessels and tracheids lignified 
previous to treatment remain relatively 
unchanged. However, xylem parenchy- 
ma and incompletely mature elements 
(fig. 44.} at the cut surface proliferate. 
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Fig, I. — Transections of decapitated stems, 0.5 mm. below cut surface: pc, pericycle; xyz, secondary 
xylem. A, i day after treatment with 0.2% indoleacetic acid. Cells of inner cortical parenchyma and endo- 
dermis dividing; primary phloem parenchyma meristematic; increased activity in cambium. 2 days, 
0,2%. Endodermis forming meristematic band; pericycle and primary phloem parenchyma cells enlarged 
and meristematic; secondary x>dem tracheids differentiating. C, 2 days, 0.02%. Similar to B but less in ex- 
tent. D, 2 days, 0.002%. Some tangential divisions in endodermis; otherwise little response. 
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Fig, 2. — Transections of stems, 3 days after treatment, 0.5 mm. below cut surface: tr, tracheid; ra, ray. 
Aj 0.2% indoleacetic acid. Highly meristematic band of proliferated endodermis, inner cortical parenchyma, 
pericycle, and primary phloem and ray parenchyma. Proliferation of pith parenchyma commencing centrad 
to protoxylem points. 0.02%. Maturation commencing with differentiation of some tracheids; other cells 
maturing as parenchyma. C, 0.002%. Response no greater than at 2 days. Z), 2% tryptophane. Early stage in 
proliferation of endodermis; pericycle crushed (pc); little response in phloem; interfascicular cambium de- 
^ loping in ray (m). 
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. . 1 , 2 days. Cells 

of outer cortical parenchyma greatly enlarged, inner ones proliferating; at upper levels in endodennis initia- 
tion of root primordium, at lower levels cell elongation and tangential divisions; at upper levels peric>'clic 
cells {pCi) enlarged and proliferating, at lower levels peric^xlic fibers ; marked activity in i)rimary phloem 
and cambium at upper levels. .B, 3 days. Response similar but greater in degree than at 2 da\'s; several root 
primordia evident; cambial derivatives differentiated as secondary xylem tracheids. 








Hg. 4. Longisections, 3 days after treatment. A, 0.02% indoleacetic acid. Across cut surface general 
I)rolifcration of tissues except epidermis; conspicuously large cells are proliferated immature tracheal ele- 
muitb, below cut surface slight proliferation in cortical parench3^ma; endodermis, pericycle, and primary 
phloem iiarenchyma. B, 0.002%. Similar proliferation of tissues at surface of application. Section through 
side of bundle showing slight proliferation in endodermis. (Compare with lateral position of proliferated 
enaociermal cells in hg. iD.) 
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Fig. 5. — Traiisections 0.5 mm. below cut surface, 4 days after treatment: vbj vascular bundle. /I, 0.2/0 
indoleacetic acid. Root primordium and associated tissues meristematic, other tissues maturing; formation of 
vascular strands (vb) in primary phloem parenchyma commencing; numerous scattered secondary tracheids 
differentiated in xylem ; proliferated ray and pith parenchyma differentiating tracheids and vascular strands. 

0.02%: Sirailar to 3 days, more mature; vascularization (vb) of endodermis and phloem, strands poorly or- 
ganized. C, 0.002%. Similar to 2-day response. A 2% tryptophane. Continued proliferation in cortical pa- 
rench>nna and endodermis; primary phloem parenchyma slightly meristematic. Note initiation of cambial 
strands in endodermis along sides of bundles and in meristematic ray (ra). 
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7.— Longisections, 4 days after treatment: px, protoxylem. /I, 0.2% indoleacetic add. Section in ray 
showing relationship of tissues in development of root primordium; proliferation of marginal pith at upper 
level. B, 0.02%, early stages in development of tumor above cut surface. Note active proliferation of central 
pith; proliferated tissues below cut surface generally maturing. 





.m'Xiscctkms of stems treated with 2% tryptophane. A, 4 days after treatment. Earl}' stage of 
^ proliferation of tissues at lower levels; pith disintegrating. Compare with more advanced re- 
yB, B, 7 days. More advanced stage in formation of tumor; greatly proliferated endodermis, 
;iferentiated as vascular strand (vb), elements of which connect with stele through derivatives 
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Fig. 9, — ^Longisection 6 days after treatment with 0.2% indoleacetic acid, showing course of vasculariza- 
tion: ?;5 con, vascular connection; phi, primary phloem. At upper levels vascular bundle differentiated in de- 
rivatives of endodermis (vb en); 2 it i mm. in proliferated pericyclic cells (2;5 />c) ; at lower levels in derivatives 
of primary phloem parenchyma (vb phi); at 2.5 mm. vascular bundle connects directly inward {vh con). See 
fig. loA. 











¥ 











I^iG. 12.— Transections, 9 days after treatment. A, 0.2% indoleacetic acid, 2 mm. below cut surface, j 
sector of stem as fig. 1 1. Clearly organized bundle imprimary phloem parenchyma. B, same stem as i 
below cut surface. Branches (?;/;) of same bundle, at this level in endodermis and primary phloem.' C, 
tr3qjt(jphaiie, i mm. below cut surface. Vascularization (vlf) in proliferated endodermis along flanks of ' 

dies; no proliferation or vascularization in phloem or pith. 
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The greatest response is found in the dif- 
ferentiation of the cambial derivatives 
formed after treatment. At the highest 
concentration these derivatives form a 
proportionately wide band of short, 
reticiilately thickened tracheids inter- 
mingled with occasional vessels and nu- 
merous ray cells (fig. ii). At 0.02% this 
band is similar but less wide (fig. iC), 
and at 0.002% only traces of a tracheid 
layer are evident. The total downward 
extent of this response is difficult to de- 
termine as it blends with the secondary 
growth of unaffected portions of the 
stem. 

On the basis of behavior a ray may be 
divided into an outer portion flanking 
the phloem and a portion flanking the 
xylem. With the 0.2% concentration the 
outer portion becomes an active part of 
the band of meristematic tissues in the 
upper 2 mm. of the stem tip (fig. 2A). 
The importance of the ray in the forma- 
tion of root primordia has already been 
described in detail (4). Below the level of 
root formation the outer portion of the 
ray is very much less active, and its de- 
rivatives mature as parenchyma. An in- 
terfascicular cambium may or may not 
be formed. The response to 0.02% indole- 
acetic acid is similar to that below the 
root zone for the higher concentration. 
The lowest effective concentration 
(0.002%) induces no marked histological 
change in the ray. 

The inner portion of the ray is asso- 
ciated with the pith, and the two may be 
described together. With both the 0.2% 
and the 0.02%, concentrations (figs. 2AI, 
6A)j response is delayed and prolifera- 
tion is not initiated until the 3d or 4th 
day. Both tissues remain inactive with 
the 0.002% concentration. Large paren- 
chymatous cells of the inner portion of 
the ray and of the marginal pith (pith 
abutting the rays or that centrad to the 


protoxylem points) may divide several 
times. The derivatives mature as paren- 
chyma or as reticulate tracheids, or they 
remain meristematic to form vascular 
strands. The intensity of this reaction is 
greater at the 0.2% concentration, but 
with both concentrations the response is 
confined to the uppermost levels. It 
reaches slightly deeper than i mm. be- 
low the cut surface with 0.2% indole- 
acetic acid (fig. 1 5.4) and less than i mm. 
for the other concentration. The central 
pith persists as a functional tissue. At the 
cut surface it proliferates but retains its 
parenchymatous character (fig. 15B). 

The upward thrust of proliferating tis- 
sues to form the tumor above the cut 
surface commences by the 3d day (figs. 
3 jB, 4^4, B). Tissues from the pericycle 
outward participate but little in the 
growth of the tumor (figs. 7 jB, isB) . Pro- 
liferation above the vascular elements is 
greatest during the early stages, and de- 
rivatives form the peripheral portion of 
the tumor (figs. 9, i S-B). In mature stages 
of the relatively small, dome-shaped 
tumor formed in response to 0.02% in- 
doleacetic acid, proliferated pith forms 
the central portion (fig. i $B ) . With 0.2% 
the very large, cone-shaped tumor is 
formed almost entirely of proliferated 
pith (fig. 1 54.) . The heavy marginal band 
of vascular tissue (fig. lyzl) is connected 
with both the endodermal vascular sys- 
tem and the central stelar structure (fig. 
174, B, C, B). The anastomosing vascu- 
lar strands in the center extend down- 
ward and connect directly with vascular 
strands arising in the pith (fig. 154). 
With the lower concentration (0.02%), 
there is little vascularization and the 
tumor is mainly parenchymatous 
in composition. With the other three 
concentrations (0.002, 0,0002, and 

0.00002%), the form and structure of the 
growth above the cut surface is similar to 
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those tumors which may be formed after 
decapitation and the application of pure 
lanolin (fig. J 3 ). 

Discussion 

A comparison of responses reported in 
this paper with those described earlier by 
Kraus, Brown, and Hamner (7) clearly 
indicates that the four highest concen- 
trations of indoleacetic acid (3.0, 0.2, 
0.02, and 0.002%) induce responses 
i which are similar in character and differ 

I essentially only in degree. Successive 

i decrements in concentration result in a 

series of decreasing expressions of re- 
sponse. Likewise, decapitated stems 
treated with higher concentrations of in- 
doleacetic acid show a series of decreas- 
ing reactions at successive levels below 
the treated surface. Comparison of these 
two series shows that responses induced 
at successively lower levels in a stem tip 
treated with a high concentration are 
similar to responses at higher levels, in- 
^ duced by treatment with the lower con- 

centrations. The similarity between these 
two series suggests dependence of ex- 
pression of response upon a concentra- 
tion gradient of indoleacetic acid. On 
this basis, the absence of root primordia 
following application of lower concen- 
trations should be expected rather than 
considered a striking dissimilarity. Ap- 
parently a certain intensity or threshold 
of reaction must be reached before de- 
velopment of adventitious roots occurs. 
With a concentration of 3% indoleacetic 
add, this intensity is maintained a dis- 
tance of several millimeters below the 
cut surface, and numerous root primordia 
are formed. When a stem tip is treated 
with 0.2% indoleacetic acid, fewer root 
primordia are developed, they are found 
within approximately the first milli- 
meter below the cut surface, and the re- 
action within this limit is comparable 


with that at the base of the root zone 
with 3% indoleacetic acid. No root pri- 
mordia are formed with the application 
of 0.02% indoleacetic acid. The maxi- 
mum response is comparable with levels 
immediately below the root zone with 
applications of 0.2% indoleacetic acid. 
A concentration of 0.002% indoleacetic 
acid induces mere traces of response even 
at the surface of application. In appear- 
ance these responses are similar to the 
responses at the lowest levels with higher 
concentrations. The response of decapi- 
tated bean plants to treatment with vari- 
ous concentrations of indoleacetic acid 
follows a consistent pattern and varies 
only in degree. 

Beal (4) has observed that, for the 
occurrence of a response, a certain con- 
centration gradient of the indoleacetic 
acid must be established downward from 
the treated surface. He found, however, 
that the nutritional status of the tissues 
was closely associated with this gradient. 
Treated segments placed on nutrient 
agar lacking either sugar or nitrogen 
showed no gross enlargement or prolifer- 
ation. Other writers (2, 3, 8) have also 
demonstrated very close relationship be- 
tween the carbohydrate content of the 
tissues and the effectiveness of a given 
growth substance. On this basis, it is 
conceivable that a plant with limited 
supplies of carbohydrates and treated 
with a high concentration of indoleacetic 
acid could simulate the histological re- 
sponse of a plant containing carbohy- 
drates in greater amount but treated 
with a low concentration of indoleacetic 
acid. It is evident that a comparison of 
concentrations and degrees of response 
can be made only by the use of plants 
which are uniform, or nearly so, in their 
growth status and in their chemical 
composition under identical or closely 
simUar environments. 
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Fig. 13. — Transections 9 days after treatment. A, 0.02% indoleacetic acid, i n:m. below cut surface. 
Proliferated cells in endodermis, pericycle, and primary phloem matured as parenchyma; a few scattered 
tracheids (^r) in small, poorly organized vascular bundles. B, 0.002%, 0,5 mm. Extent of response unchanged 
from 3 days. C, 0.0002%, 0.5 mm. Stem tissues showing no response; maturation proceeding as in untreated 
material. 




Fig. i4.-~l’ransectioii5 of older stages showing position and character of vascularization. A, 14 days after 
treatment with 0.2^ ^ indoieacetic acid, 1.5 mm. below cut surface. Development of moderately large vascular 
bundles from derivatives of {')rimary phloem parenchyma; proliferated endodermis maturing as parenchyma. 
B, 18 (hiys after treatment with 2% tryptophane, at approximately 2 mm. Strongly developed bundles from 
derivatives of endodennis; no response in primary phloem parenchyma (p/h). Compare compactly organized 
zone of secondary xylem with that in fig. ii. Disintegration of central pith characteristic for tryptophane. 




Fig, 15.— Longisections showing development of tumor above cut surface, 18 days after treatment. A, 
0.2% indoleacetic acid. Cone-shaped tumor, largely derived from proliferation of pith; vascular tissues cpn- 
tributing to marginal area; complex system of vascular bundles showing connections with vascular cylinder 
of stem and vascular bundles proliferated in rays and pith. B, 0.02%. Smaller parenchymatous tumor, show- 
ing participation of pith as well as vascular tissues. 








Fio. r6. — Longisections of stems treated with very low concentrations of indoleacetic acid. Limited pro- 
liferation at cut surface comparable with response in control material Aj 0.002%, 9 days after treatment. 
0.0002%, 18 days after treatment. 









Fig. 17.^ Transections of same stem, 18 days after treatment with 0.2% indoleacetic acid. Unusually 
3 r'? vascuknzed tumor. 1.5 mm. above cut surface. Periphery meristematic; center highlv 
vascularized with complex of anastomosing strands. B, i mm. above cut surface. Similar to ^.\C o.i; mni 
above cut surface. Marginal band of vascular tissue, connecting at lower levels with endodermal bundlL and 
vascu at cylinder of stele; scattered small strands in center connect with bundles proliferated in pith. Do.:, 
mm. below cut surfa,ce. Characteristic organization of stem tissues evident; vascular bundles in endodennis 
connecting at lower levels with stele; vascular strands from derivatives of pith centred to protoxylem points. 
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The results of this study show that 
at none of the concentrations used did 
responses to indoleacetic acid duplicate 
those to tryptophane both in character 
and in rate of response. A comparison of 
the histological responses to various con- 
centrations of indoleacetic acid and to 
tryptophane are presented in table i. 
The important differences are as follows: 

1 . The cortical parenchyma is more re- 
active with tryptophane than with indo- 
leacetic acid. (Compare fig. 6Z) with 65 .) 

2. The degree of vascularization in the 
proliferated endodermis is greater with 
tryptophane. (Compare fig. 145 with 
125, 14^1.) 

3. The primary phloem shows little 
response with tryptophane; with indole- 
acetic acid it becomes not only active 
but also vascularized. (Compare fig. 145 
with 14A.) 

4. The course of vascularization in 
these outer tissues is characteristically 
different for the two substances. With 
tryptophane the endodermal bundles 
connect laterally through the outer ray 
with the stelar cambium and the respec- 
tive secondary vascular tissues. With in- 
doleacetic acid endodermal bundles pass 
across the pericycle into the primary 
phloem and at lower levels connect di- 
rectly inward through a phloem ray with 
the cambium and the respective second- 
aiy stelar tissues. (Compare figs. 5/), 
85 , 12C with figs. 9“ii, 12A, 5 .) 

5. With tryptophane the pith is rela- 
tively inactive and disintegrates in the 
center. It participates but little in the 
formation of the tumor, which conse- 
quently may show a depressed center. 
With indoleacetic acid the marginal pith 
actively proliferates and becomes vas- 
cularized. The central pith persists as a 
functional tissue and at the cut surface 
proliferates to form a considerable part 
of the cone-shaped tumor. (Compare 
fig. I of Kraus [ 6 ] with our fig. 15 ^, 5.) 


These differences follow closely those 
found by Kraus in his comparison of the 
responses to the two substances, except 
that, as we have pointed out, the initia- 
tion of root primordia cannot necessarily 
be considered a critical point of differ- 
ence between the effects of the two sub- 
stances. Although there are certain 
points of similarity, the dissimilarities 
are sufficiently characteristic to suggest 
that the pattern of reactions resulting 
from the application of tryptophane is 
different from that upon application of 
indoleacetic acid, whether in high or low 
concentrations. On the basis of this his- 
tological individuality of effect, there ap- 
pears to be a distinctive response attribu- 
table to tryptophane apart from any re- 
sponse which may result from the conver- 
sion of tryptophane to indoleacetic acid. 

In addition to histological differences 
between response to indoleacetic acid 
and to tryptophane, there are also dif- 
ferences in the time at which various re- 
actions occur. The initial reaction in the 
endodermis was noted within 24 hours 
for all the substances described in table i . 
In the first 3 days the degree of response 
to tryptophane, especially in the endo- 
dermis, resembles that of 0.02% indole- 
acetic acid (cf . fig. 2S, D ) . Maturation as 
made evident by differentiation of reticu- 
late tracheids in proliferated tissues was 
noted by the 3d day with concentrations 
of 0.2% and 0.02% indoleacetic acid (cf. 
fig. 65 , D). However, maturation of 
vascular elements with tryptophane did 
not commence until the 6th day (fig. 
8A, 5 ). With concentrations of 0.2% and 
0.02% indoleacetic acid, most of the 
proliferated endodermal cells were ma- 
tured as parenchyma by the 6th day and 
with 0.002% by the 3d day. Meristemat- 
ic activity seemed to continue in the en- 
dodermis through the 13 th day with 
tryptophane. In other words, the re- 
sponse to tryptophane was just gaining 
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Outer ray Active; derivatives typi- Meristematic activity similar to Meristematic; participating in Slight activity asso- Inactive; int^fas- 
cally form cambiums primary phloem; forming roots root formation or maturing as ciated with forma- cicular cambium 



1.00 


BOTANICAL GAZETTE 


momentum at the time there was a slow- 
ing-down in the reaction to 0.02% in- 
doleacetic acid, the concentration most 
nearly resembling tryptophane. Whether 
tryptophane is slow in inducing response 
or whether this retardation is related to 
a period of time necessary, for the con- 
version of tryptophane to some unidenti- 
fied growth-regulating substance remain 
problems. 

Summary 

1. The histological responses of de- 
capitated bean stems to five low con- 
centrations of indoleacetic acid were 
studied. Of these concentrations, the 
two highest — 0.2 and 0.02% — induced 
marked histological changes in the stem 
and resulted in the formation of a dis- 
tinct tumor above the cut surface. The 
intermediate concentration — 0.002% — 
resulted in only slight histological re- 
sponse. The two lowest — 0.0002 and 
0.00002% — ^were apparently below the 
threshold of effectiveness for indoleacetic 
acid under conditions of this experiment. 
These last concentrations appeared to 
induce no greater response than that 
which occurs in control material. The 
essential features of the histological re- 
sponses are summarized in table 1 . 

2. The responses shown for the three 
effective concentrations, as well as those 
described by Kraus, Brown, and Ham- 
NER (7) for 3% indoleacetic acid, are es- 


sentialty of the same pattern. In a stem 
tip treated with a high concentration, 
the responses at successive^ lower levels 
are similar to the responses which may 
be induced by treatment with lower con- 
centrations. 

3. A comparison of the patterns of re- 
sponse induced by indoleacetic acid and 
by tryptophane shows many dissimilar- 
ities. Significant differences have been 
described in the type of reaction, the de- 
gree of activity, and the vascularization 
of cortical parenchyma, endodermis, and 
primary phloem. The character and the 
degree of response in the pith and its re- 
lationship to tumor formation are like- 
wise dissimilar. xA more detailed com- 
parison is presented in table i . 

4. At none of the concentrations used 
did both the character and the rate of 
response to indoleacetic acid duplicate in 
entirety the response to tryptophane. On 
the basis of this histological individuality 
of effect, there appears to be a distinc- 
tive response attributable to tryptophane 
apart from any response which may re- 
sult from the conversion of tryptophane 
to indoleacetic acid. 

Data and photomicrographs (figs. 2D, 
SD, 6D, 8, 12C, and 14B) on 3% indole- 
acetic acid and 2% tryptophane are 
taken from other papers (5, 6, 7). 

Department of Botany 
University of Chicago 
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RESPONSES OF PTERIS LONGIFOLIA TO APPLICATIONS OF 
AMMONIUM 2 , 4 -DICHLOROPHENOXYACETATE^ 
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BERNARD STRICKLER 


Introduction 

Studies of the effects of 2,4-dichloro- 
phenoxyacetic acid on plants with but 
one exception (16) have been confined to 
the responses of various angiosperms. 
Prior investigations have tended largely 
toward the refinement of techniques of 
applying this substance (17, 12) or an ex- 
tension of its practical uses (2, ii, 13). 
The selective sensitivity to 2,4-dichloro- 
phenoxyacetic acid of different species of 
plants, combined with the resultant tele- 
morphic effects (3), has been of distinct 
advantage in its use as a herbicide. 

In the present experiment information 
on the action of 2,4-dichlorophenoxy- 
acetic acid is extended to the pterido- 
phytes, especially to the gametophytic 
generation. The responses of the prothal- 
lia suggest the possibility of utilizing this 
compound as a tool of experimental 
morphology. 

Material and methods 

Spores were collected from a single leaf 
of Pteris longifolia grown in the green- 
houses of the University of Chicago. Ger- 
mination and subsequent culture of the 
gametophytes were carried out on new 
2|-inch unglazed clay pots which had 
been washed and then fired in an electric 
muffle furnace. The pots were then 
packed with white quartz sand which 
had previously been washed with dis- 
tilled water and autoclaved. They were 
then inverted in small preparation dishes 

^ This work was supported in part by a grant 
from the Dr. Wallace C. and Clara A. Abbott Me- 
morial Fund of the University of Chicago. 


to which various solutions were added. 
When the entire pot became wetted, 
spores were sown on the topmost surface 
by tapping them from a dissecting 
needle. Enough solution was then added 
to submerge just the rim of the pot. The 
solutions were maintained at this level 
throughout the experiment by the addi- 
tion of distilled water. The cultures were 
covered with transparent, untinted, 
cylindrical battery jars. 

All solutions consisted basically of a 
one-half dilution of Zinzadze’s slightly 
acid formula (18), pH 6.1. Using this 
diluted nutrient solution, a stock solu- 
tion containing 100 mg. /I. of the am- 
monium salt of 2, 4-dichlorophenoxy ace- 
tic acid was prepared. The ammonium 
salt was prepared by dissolving 2,4- 
dichlorophenoxyacetic acid in 95% ethyl 
alcohol, bubbling anhydrous ammonia 
gas into the above solution, washing the 
precipitate with absolute alcohol, and 
then drying. The final concentrations of 
the salt used in the experimental series 
were 50, 10, i, and o mg./l. 

The gametophytes received 10 hours 
of illumination daily from six 36-inch, 
30-watt Mazda daylight fluorescent tubes 
set in a reflector (fig. i). The temperature 
of the laboratory in which the prothallia 
were grown ranged approximately from 
75^0 85" F. 

Sporophytes used in the experiments 
were of two ages: small, young plants 
grown in pots, and large, mature plants 
growing undisturbed on a soil and rock 
substrate in the greenhouse. Their peti- 
oles and terminal pinnae , were treated 
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with concentrations of 2,4-dichlorophe- 
noxyacetic acid ranging from 125 to 2000 
p.p.m. These were applied either as 
lanolin mixtures of the acid or as aqueous 
solutions of the ammonium salt with 
Duponol C (9) as a spreader. 

Gametophyte and sporophyte mate- 
rial prepared for microscopic examina- 
tion was fixed in formalin-aceto-alcohol. 
Whole mounts of the prothalha were 
stained in Harris^ haematoxylin, coun- 
ters tained in orange G, and mounted in 



Fig. I .—Arrangement of cultures of gameto- 
phytes under fluorescent lights. 


balsam. Sectioned material of the pro- 
thallia and sporophy tes was prepared 
according to the tertiary butyl alcohol- 
parafiFin method and stained with either 
the safranin-fast green combination or 
Flemming’s triple stain. 

Observations 
SjPORE GERMINATION 

Throughout the course of the studies 
on the game tophy tes, there was a high 
percentage of germination in all cultures. 
Nevertheless, in those cultures contain- 
ing 10 and 50 mg./L of ammonium 2,4- 
dichlorophenoxyacetate, a larger number 
of ungerminated spores were conspicu- 
ously present than in those containing 


plain Zinzadze’s solution or only i 
mg./L of the salt. This led to the idea 
that the presence of this substance at the 
higher concentrations may have sig- 
nificantly reduced the percentage of ger- 
mination. The larger size attained by the 
prothalha in the most dilute and control 
cultures, however, may have merely ob- 
scured the ungerminated spores, so that 
the visible differences might be more 
apparent than real. 

To test this idea, a series of cultures 
was set up, according to the methods 
previously described, in which a number 
of 5 mm. squares were scratched into the 
surface of the pots on which the spores 
were to be planted. In each culture a 
combined total of 1000 ungerminated 
and germinated spores was counted. By 
confining the counts only to spores lying 
within the squares, the manner of select- 
ing those to be counted was the same for 
all cultures. 

In connection with the standardiza- 
tion of data on the percentage of ger- 
mination, it should be noted that the sig- 
nificance of such data is affected by the 
differences in concepts of the definitive 
stage of spore germination . For example, 
Orth (14) designated as germination 
that stage in development after the split- 
ting of the exospore in which the first 
rhizoid or some other growth process is 
evident and chlorophyll is formed. Data 
based on counts of spores at earlier stages 
of development would fail in meaning for 
those who subscribe to Orth’s designa- 
tion, since the number of plants which 
attain the requisite stage would be 
unknown. 

Another factor of importance for this 
type of data is the time interval at which 
counts are made. Dorr (5) pointed out 
that the spores of a species of fern, even 
within the same culture, do not germi- 
nate at the same time. The successive 
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germination of spores of Ptefis lougifolia 
can be illustrated from our experiment, 
in which a preliminary count of 600 
spores in a control culture revealed that 
the primary cell had emerged in 244 
spores by the seventh day after sowing. 
Another count of the same area 2 days 
later showed 419 spores in the same or 
later stage of development. 

For these reasons counts were made 10 
days after the emergence of initial pro- 
thallial cells was first observed. All 
counts were made on the same day. Ger- 
minated spores then possessed more than 
one rhizoid and a number of prothallial 
cells. Ungerminated spores had failed 
even to split the exospore. The uniform- 
ity of germination among all the cultures 
(table i) does not support the idea that 
germination was retarded either in ex- 
tent or in time by the presence of am- 
monium 2,4-dichlorophenoxyacetate. 

Gametophyte 

Growth of the gametophytes was ob- 
served from whole mounts of prepared 
and fresh material collected at 3- or 4- 
day intervals. All stages of the treated 
plants were compared with untreated 
prothallia .collected at the same times. 
Responses of gametophytes to the three 
concentrations of ammonium 2,4-dichlo- 
rophenoxyacetate used—though seem- 
ingly quite different at each concentra- 
tion-showed two types of reactions 
which were fundamentally the same in 
all treated cultures: (a) an inhibition of 
growth in size and (b) abnormal patterns 
of development. 

Inhibitory efeects.— A difference in 
size was noted in gametophytes which 
were only 3 or 4 days old (figs. 2, 3). At 
this stage most plants possessed only one 
rhizoid; a few had two. At concentra- 
tions of 50 and 10 mg./h, the gameto- 
phytes w^ere comprised of the single 


rhizoid and one or two prothallial cells, 
while those at i mg./l. and the control 
plants had filaments four or more cells 
long. As already mentioned, spores 
placed in nutrient solutions containing 
ammonium 2 ,4-dichlorophenoxy acetate 
were not delayed in germination so that 
this difference cannot be ascribed to age. 
That such is not the case is obvious from 
observations made on older gameto- 
phytes. Thirteen-day-old gametophytes 
at 50 mg./l. were still filamentous, con- 
sisting of about seven prothallial cells 

TABLE 1 

Results of tests of germination of spores 

OF PtERIS LONGIFOLIA IN AMMONIUM 2,4- 
DICHLOROPHENOXYACETATE 


Concentra- 
tion of salt 
(mg./l.) 

Ungermi- 

nated 

spores 

Germi- 

nated 

spores 

Total 

Percent-^ 
age of 
germina- 
tion 

0 

257 

748 

1005 

74-4 

I 

252 

7 S 3 

1005 

74-9 

10 

247 

7 S 6 

1003 

75-3 

SO 

254 

1 

773 

1027 

75.1 


and about six rhizoids (fig. 4). At all 
other concentrations the gametophytes 
were thalloid; the smallest being those 
grown at 10 mg./l. — the largest, the con- 
trol plants (figs, s, 6, 7). By the 27th day 
the untreated gametophytes had formed 
the typical heart-shaped pro thallium; 
those at i mg./l. had begun to form a 
second lobe; the gametophytes at 10 
mg./l. consisted of a single lobe, with no 
indication of forming a second one, while 
those at 50 mg./l. had remained essen- 
tially filamentous except’ for a small 
amorphous mass of cells near the apex. 

Measurements of gametophytes when 
they were 3 and 27 days old showed that 
the size of prothallia grown at 50 mg./l. 
had increased only 3.39 times; at 10 
mg./L, 48; at I mg./l. , 113; while the 
control prothallia had increased 180 


liG. 2-i4.--Gametoph.ytes grown on various concentrations of ammonium 2,4-dichlorophenoxyacetate ir 
INZADZE s nutrient solution (rhizoids mostly omitted). Figs. 2, 3, gametophytes 3 days old grown at sO anc 
o mg./l., respectively. Figs, 4-7, relative size of gametophytes 13 days old grown at 50, 10, i, and o mg. /I. 
ippectiveiy. In tig. 7 the meristem primordium is seen in typical lateral position on first lobe. Figs. 8, o, rela- 
tive size of gametophytes 30 days old at 50 and o mg./L, respectively. Fig. 10, gametophyte grown for 4 
months at 50 mg./L, showing hemispherical end cell and juvenile filamentous condition. Fig. ii; apical por- 
tion of prothal mm 27 days old, grown at 10 mg./L, with apical position of meristem on single tliallus lobe, 
Iig. 12 piothalhum 51 days old, at i mg./L, with vertical third wing and secondary prothallia on basal por- 
ion of thailus. Fig. 13, details of secondary prothallia of fig. 12. Fig. 14, early stage in development of third 
wing irom base of sinus. 
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times. These values are based upon 
measurements of camera lucida drawings 
of the surface areas of the gametophy tes. 
Each value represents the average of sev- 
eral gametophytes. 

Albaum (i) has shown that, for fern 
prothallia composed essentially of a sin- 
gle layer of cells, surface area is a fair 
index of the mass of tissue present at any 
time and that increase in surface area 
may thus be used as an index of growth. 
Beyond the 27th day the prothallia in 
the present experiment developed more 
than a single layer of cells. After this, 
surface area was not used as an index of 
growth. 

Differences in size between gameto- 
phytes of the same age grown at different 
concentrations of the salt were due chief- 
ly to differences in cell number. The larg- 
est cells in the treated prothallia (figs. 4, 
5, 6) were equal in size to those of un- 
treated prothallia of the same age (fig. 7) . 
This indicates that the two growth 
phases— cell division and cell enlarge- 
ment — were dissimilarly affected by the 
experimental solutions. This is clearly 
shown in the pro thallium in figure 5. 
Here the small number of larger, central 
cells composing the bulk of the thallus 
are surmounted by a marginal row of 
smaller cells of similar size, the ^‘Rand- 
meristem’’ described by Orth. Inter- 
mediate-sized cells (fig. 7), which nor- 
mally lie between the marginal meri- 
stematic cells and the more mature basal 
and central cells, are for the most part 
lacking, indicating that cell division but 
not cell enlargement was inhibited. 

Striking evidence of the inhibitory ac- 
tion of the salt is seen in the comparison 
of 30-day-old gametophytes grown at a 
concentration of 50 mg./L with control 
prothallia of the same age (figs. 8, 9). 

Formative eeeects at 50 mg./l.— 
There was no evidence of plate formation 


in gametophytes grown at 50 mg./I. un- 
til 30 days after germination. Until this 
time they consisted of a linear series of 
cells always derived from divisions of the 
hemispherical terminal cell. The fila- 
ment was distorted, owing to the unequal 
distension and consequent bulging of the 
wall of each maturing cell. Except for the 
formation of rhizoids, divisions of these 
derivatives were rarely seen. After the 
30th day subsequent derivatives of the 
end cell divided in an irregular manner. 
Ultimately, an elongated clump of dis- 
tended cells was formed, comprising the 
only “thallus” seen in these gameto- 
phytes throughout the experiment. From 
the small size of the cell mass, attained 
over a period of 4 months, it is unlikely 
that the lineage from each derivative of 
the end cell was more than a single cell 
(fig. 10). 

The appearance of these retarded 
gametophytes is unlike that commonly 
described for gametophytes whose juve- 
nile stage has been prolonged by subjec- 
tion to a variety of other abnormal con- 
ditions, particularly those of light (4, 10) . 
These latter filaments are almost always 
attenuated, branched, and usually pro- 
duce antheridia. None of these character- 
istics was seen in the present gameto- 
phytes; they formed no sex organs, were 
never branched, and the cells, as already 
indicated, were not attenuated. 

Gametophytes grown at 10 mg./l.— 
These gametophytes showed two inter- 
esting types of peculiarities, the first of 
which concerns the position of the meri- 
stem. Although every gradation between 
the apical and lateral position of the 
meristem primordium is found among 
ferns with cordate prothallia (6), the 
pro thallium of P. longifoliaty^icdlly de- 
velops from a lateral meristem. 

Development of the untreated gameto- 
phytes conformed to the usual type of 
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development of P. longifoUa as described 
by Goebel (6^ p. 204): “The surface of 
the prothallus which first develops from 
the germ- thread becomes at once the one 
wing, and the meristem which forms the 
vegetative point of the prothallus comes 
thereby to occupy a lateral position, and 
underneath it the second wing of the 
prothallus shoots out. Figure 150 ex- 
hibits this process in Fteris longifolia."^ 
Here it will be seen that a one-layered 
cell surface is formed first of ail from the 
germ-thread without the aid of an apical 
cell, and the anticlinal walls diverge at 

the apex The intensity of the cell 

multiplication remains strongest at a 
lateral position on this cell surface, and 
there is the meristem in which often a 
two-sided apical cell is visible.'’^ In all the 
untreated plants observed in the present 
study, the meristem always arose lateral- 
ly on the first formed wing (fig. 7). 

Gametophytes treated with 10 mg./L, 
on the other hand, consistently formed 
their meristem apically. In this respect, 
these prothallia conformed to similar 
stages described for Pteridium aquilinum 
(14) and Onoclea struthiopteris (5, 14) , in 
which the meristem typically lies in the 
longitudinal axis of the prothallium (fig. 

ii). 

Because of the slow rate of cell division 
in treated gametophytes, the segments 
formed on either side of the meristem 
failed to extend beyond the vegetative 
point; thus, these prothallia did not be- 
come heart-shaped (fig. 15). 

The second peculiarity was observed 
in prothallia 51 days old, on which a 
thick cushion consisting of distended, 
loosely arranged cells covered most of the 
ventral surface. In nearly all prothallia a 
prominent, compact tubercle was grow- 
ing within the cushion close to the apex. 

® Figure 7 of the present paper shows an equiva- 
lent stage to fig. 150 of Goebel 


A few prothallia had two tubercles lying 
side by side in the same forward position. 
In other prothallia these masses pro- 
jected above the dorsal surface (fig. 15), 
but for the most part they were confined 
to the ventral surface. 

The tubercles consisted of a large 
number of small, densely cytoplasmic 
cells with large nuclei (fig. 16). The cells 
did not exhibit any correlation but ap- 
peared to have divided at random. The 
entire cell mass was inclosed by the large 
vacuolate cells of the cushion. 

Nearly all prothallia observed were 
without sex organs. Rarely, one or two 
unopened archegonia were seen on the 
cushion. 

Gametophytes grown at i mg./l.— 
Increase in size at this concentration also 
proceeded at a slower rate than in plain 
ZiNZ adze's solution so that at the time of 
sex-organ formation these prothallia 
were considerably smaller than the con- 
trol plants. Up to the 30th day, the 
gametophytes followed the usual pattern 
of development and attained the cordate 
shape. Subsequently, the cushion in the 
treated plants became more massive and 
extensive than that formed by the con- 
trols. Sex organs which later appeared on 
the cushion were more numerous on 
treated plants; especially antheridia. 

In plants treated at the i mg./l. coii- 
centration of ammonium 2,4-dichloro- 
phenoxyacetate, there followed next re- 
newed vegetative activity of the apical 
meristem, first evidenced by a small, 
tongue-like projection lying close to the 
base of the sinus formed by the two 
wings (fig. 14). Elongation of the projec- 
tion proceeded in an upward direction 
accompanied by rapid lateral expansion. 
Thus, in 51 -day-old gametophytes the 
meristem was borne at the apex of a 
third wing, usually fan-shaped with 
undulating margins (fig. 12), but some- 
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Figs. 15-18. — Fig. 15, prothallium grown at 10 mg./l. solution of ammonium 2,4-dichlorophenoxyacetate, 
showing tubercle in apical region. Fig- 16, longisection of tubercle showing random arrangement of small, 
densely cytoplasmic cells. Fig. 17, transverse section of pinna treated with lanolin mixture of 500 p.p.m. 
2,4-dichlorophenoxyacetic acid, showing grossly enlarged sporangium and receptacle. Fig. 18, [>inna of con- 
trol. 


Simultaneously with the formation Sex organs on plants treated with i 
of the third wing in 51-day-old mg./l. of ammonium 2,4-dichlorophe- 
gametophytes, secondary prothallia noxyacetate were functional, young spo- 
were growing from the basal portion rophy tes appearing on most prothal- 
of the old wings (figs. 12, 13). Each lia in i2G-day-old cultures. No irregu- 
of these new growths was intimately larities were observed on primary leaves, 
attached to the old gametophyte by and such plants were transplanted to 
means of a broad base, cells of which agar in Petri dishes where they grew well 
evidently were part of the parent tissue, for 4 months and gave every indication 
Many of these older cells bore antheridia. of continuing vigorous growth. In all 
No initial stages of this regeneration respects these young sporophytes were 
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comparable to those formed at the same 
time on control prothallia. 

Transplant experiment. — Figures 
19-24 show the results of experiments 
made to determine (a) the effect of 50 
rag./l. of ammonium 2,4‘-dichlorophe~ 
noxyacetate on young prothallia not pre- 



Figs. 19-24. — Fig. 1.9, prothallium 21 days old 
grown from spore on plain nutrient solution. Fig. 20, 
prothallium grown for 21 days on plain nutrient 
solution, then transferred and grown for 12 days on 
50 mg. /I. of ammonium 2,4-dichlorophenoxyace- 
tate. Fig. 21, prothallium grown continuously on 
plain nutrient solution for 33 days. Figs. 22-24, 
reciprocal of experiment shown in hgs. 19-21. 

viously treated and (b) the permanency 
of the effect on gametophytes germinated 
and grown for a period of time on this 
same substance. The methods were the 
same as those previously described, ex- 
cept that the spores were sown on squares 
of glass cloth placed on the upper surface 
of inverted pots instead of directly on the 
pot surface. In this way prothallia were 
easily transferred from one pot to the 
other. 


Figure 19 shows a prothallium which 
was grown for 21 days on plain Zin- 
z adze’s solution. A number of prothallia 
of this age were then transferred to the 
cultures containing 50 mg,/l. of am- 
monium 2,4-dichlorophenoxyacetate. Af- 
ter 12 days these gametophytes (fig. 20) 
were compared with those of the same 
age — now 33 days old — which had not 
been transferred (fig. 21). 

It is readily seen that the retardation 
of cell division is not a response in which 
the initial treatment of the germinating 
spore is a necessary condition but that 
the inhibitory action of ammonium 2,4- 
dichlorophenoxyacetate is similarly ef- 
fective on later stages of prothallial de- 
velopment. 

In the reciprocal experiment, spores 
were germinated and grown on cultures 
containing 50 mg,/L of the salt. After 21 
days the minute filaments (fig. 22) were 
transferred to plain Zinzadze’s solution. 
Within 3 or 4 days the apex of the game- 
tophytes had broadened considerably, 
and at the end of 1 2 days the two wings 
were well established (fig. 23). During 
this 12-day period the gametophytes 
which had remained in contact with the 
nutrient solution containing the growth- 
regulating substance showed no appreci- 
able increase in size (fig, 24). 

Renewed meristematic activity of 
transplanted prothallia was also observed 
in the tiiberculate plants resulting from 
the 10 mg./l. treatment. A number of 
these gametophytes were transplanted to 
agar plates in an effort to induce further 
growth of the tubercles. Instead, ger- 
minal filaments soon emerged from mar- 
ginal and inner cells of the thallus. These 
filaments formed the usual spatulate 
lobe, developed a meristem, and became 
cordate. The original prothallia died. 

It is apparent from the regenerative 
growth of the transplanted prothallia 
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that the inhibitory activity of ammoni- 
um 2,4-dichlorophenoxyacetate does not 
persist once the plants are removed from 
actual contact with the effective solu- 
tion. This behavior is not wholly un- 
expected when one considers that each 
cell of the thallus is potentially capable 
of reproducing a new prothallium and 
that the amount of the substance in a 
single cell at any one time must be ex- 
ceedingly small. The derivatives of such 
a cell, having once succeeded in dividing, 
would then rapidly become removed 
from the influence of the residual sub- 
stance. 

Sporophyte 

Applications of lanolin mixtures and 
aqueous solutions were made at the basal 
portion of the petioles, usually below the 
first pinna, at the time the leaves had 
unfolded about one-half their ultimate 
length. The mature plants at this time 
were producing leaves 40 cm. or more in 
length, while the leaves of the young 
potted plants were rarely 15 cm. long. 
Applications on the mature plants were 
at 500 and 1000 p.p.m. ; the young plants, 
in addition to these concentrations, were 
trea,ted with 125, 250, and 2000 p.p.m. 

Gross reactions. — Within 24-48 
hours after treatment the petioles at 
various distances from the point of ap- 
plication showed pronounced downward 
bending, except at a concentration of 125 
p.p.m. at which there was no reaction. 
As the croziers slowly unrolled, the peti- 
oles continued bending in one direction 
or another until the full length of the leaf 
was attained. In all cases the final length 
was less than that of the controls. 

Reactions of the pinnae were pri- 
marily characterized by a failure to 
unfold completely (fig. 25^). For a period 
of 3 or 4 weeks after treatment the pin- 
nae slowly continued to unroll and ex- 
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pand, after which they persisted in one 
or another of the stages of unfolding. 
Retardation in this respect was greatest 
in the uppermost (i.e., the youngest) 
pinnae and decreased basipetally to the 
pinnae which were fully expanded at the 
time of treatment. These latter pinnae 
exhibited no effects from the treatments. 

Intensity of responses appeared to be 
related more to the relative age of leaves 
at the time of application than to con- 
centrations used. In preliminary experi- 
ments numerous applications were made 
on leaves of similar ages^ and the inten- 
sity of responses showed considerable 
variation in which the most marked re- 
actions were not always associated with 
the highest concentrations used (figs. 
25^, 6, c). Responses were more rapid to 
aqueous solutions than to the lanolin 
mixtures. 

Histological reactions. — Several 
days after the curvatures of the petioles 
appeared, the leaves became unusually 
inflexible, the young pinnae and young 
portions of the petioles acquiring a 
brittle quality. Although mature peti- 
oles of P. longifolia possess a natural 
toughness because of the thick-walled 
epidermis and the several layers of thick- 
ened outer cortical cells, newly differen- 
tiated parts of the petiole are supple. 

Transverse sections of these young 
parts showed that the subepidermal 
layers of the cortex were already consid- 
erably thickened, hence more mature 
than comparable tissues of the control 
plants. Tertiary thickening of the meta- 
xylem elements also occurred earlier in 
the treated plants, but this was evident 
only in a small number of elements sur- 
rounding the invaginated phloem in the 
arms of the horseshoe-shaped stele. The 
most pronounced thickening of the vas- 
cular elements occurred in the treated 
basal portions of petioles of mature 
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plants; especially where the aqueous pletely unfolded and the indusium was 
solution of ammoniuni 2,4-dichlorophe- still closed. By the use of a hypodermic 
noxy acetate was used. syringe^ a thin, uniform thread of the 

Aside from the early maturation of lanolin mixture of the acid (500 p.p.m.) 
these tissues, and a slightly greater thick- was laid along the indusium on one side 
ening of all the cortical and stelar tis- of the pinna. The indusium on the other 




Fig. 25. — Fig. 2$A-D, leaves 30 days after treatment with ammonium 2,4-dichlorophenoxyacetate ; A, 
control; B, 500 p.p.m.; C, 2000 p.p.m. j Z), 1000 p.p.m., leaf of mature plant showing marked failure of pinnae 
to unroll. Fig. 25 jE, terminal pinnae 14 days after unilateral treatment: left, lanolin mixture of 500 p.p.m. 

2.4- dichlorophenoxyacetic acid; middle, lanolin control; right, aqueous solution of 500 p.p.m. ammonium 

2.4- dichlorophenoxyacetate. 

sues, no other histological irregularities 
of the petioles were evident. There were 
no secondary outgrowths, tumors, pro- 
liferations, or derangements in the posi- 
tion of the tissues- 

The SPOROPiiYLL.— The terminal pin- 
nae, from which the observations of the 
reactions of the sporangium were made, 
were treated when the pinnae were corn- 


side received no treatment. On a second 
pinna a thin band of the aqueous solution 
of ammonium 2,4-dichlorophenoxyace- 
tate (500 p.p.m.) was painted on one 
indusium with a cameTs-hair brush. 
These treatments were repeated on sev- 
eral plants. 

Within 2 days after application there 
was a marked epinasty of the treated 
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halves of the pinnae. By the 4th day the 
pinnae treated with the aqueous solution 
showed a spiral twisting along the axis of 
the treated indusium. Similar but less 
pronounced responses followed the appli- 
catmn of the lanolin mixture. In pre- 
liminary experiments pinnae so treated 
persisted in the twisted condition for an 
indefinite time without further gross re- 
sponses. The present material, however, 
was collected at the end of 14 days (fio". 

^ 2se). '=■ 

Histologically, the pinnae were little 
affected by the growth-regulating sub- 
stance. Transections showed enlarge- 
ment of cells of the upper epidermis as- 
sociated with the curvatures on the 
treated side of the blade, and there was 
also some derangement of the palisade 
layer accompanying this same response. 

^ In contrast to the inactivity of the 
pinna in general, the quantitative re- 
action of the sporangia and receptacle 
was very striking. It was characterized 
by pronounced cell enlargement which 
resulted in the growth of these structures 
to more than twice their usual size. 

The receptacle of P. longifolia is not 
prominent, being only slightly elevated 
above the plane of the lower epidermis. 
The receptacle beneath the treated in- 
dusium, however, became a rather mas- 
sive structure which protruded well be- 
yond the epidermis (fig. 17). The recep- 
tacle on the untreated side of the pinna 
was relatively unaffected (fig. 18). 

A comparison of figures 17 and 18 also 
shows that the sporangia beneath the 
treated indusium were markedly af- 
fected and that the cells of these sporan- 
gia, particularly those of the stalk and 
tapetum, exhibited the same swollen 
condition as the receptacular cells. Al- 
though the sporangia and receptacles are 
meristematicup to the time the indusium 
is fully open and the sporangia are ma- 


ture, these organs were not stimulated to 
proliferate. The number of cells compris- 
ing the receptacle, and especially the 
sporangia, were always consistent with 
the particular stage of development in 
which they were observed. 

Discussion 

The results of the experiments on the 
gametophytes show that the pr ima ry 
and general effect of ammonium 2,4- 
dichlorophenoxyacetate was inhibition 
of growth. This effect was essentially the 
result of the retardation of cell division 
with little or no effect upon cell enlarge- 
ment. In contrast to the behavior of the 
sporophytes, the quantitative responses 
of the prothallia were directly correlated 
with the concentration of the effective 
substance. Thus, at 50 mg./l. retardation 
was so great that no plate was formed, 
whereas at i mg./l. the gametophyte de- 
veloped into a heart-shaped prothallium 
with functional sex organs. 

Aside from the obvious inhibitory ef- 
fect on growth of the gametophytes, it is 
less apparent whether the unusual struc- 
tures observed on the prothallia were the 
result of the direct influence of am- 
monium 2,4-dichlorophenoxyacetate or 
whether these growths were secondary 
responses resulting from other causes. 

For example, it is not certain whether 
the tubercles which appeared on prothal- 
lia grown at 10 mg./l. were apogamous 
embryos whose differentiation was un- 
organized due to the influence of the 
growth-regulating substance or whether 
they were gall-like masses resulting from 

proliferation of the cushion cells. 

^ Heim ( 8) has described certain projec- 
tions from the cushion of Doodya caudata 
from which apogamous sporophytes 
arose, and the internal appearance of 
these structures as figured by him bear a 
resemblance to that of the present tuber- 
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cles. In the case of Doodya, however, the 
sporophytic nature of the projections 
was confirmed at a relatively early stage 
by the development of tracheids, later 
followed by the formation of the apices 
of the leaf, stem, and root of the embryo, 
which then grew in a normal manner. 

Usual evidences of apogamy in ferns 
(15), such as the formation of tracheids, 
or hairs surrounding the embryo, were not 
present in the treated prothallia, and the 
cell masses as seen in longitudinal and 
transverse sections were not recognizable 
embryos. In addition, transplants made 
to induce further growth of the tubercles 
failed. It does not appear likely that the 
tubercles were sporophytic. 

The renewed activity of the apex of 
prothallia grown at i mg./L also suggests 
the possibility of secondary formative in- 
fluences. It is well known that the game- 
tophytes of the leptosporangiate ferns 
are much more plastic than the sporo- 
phytes and that relatively minor altera- 
tions of the environment of the prothallia 
induce profound form changes. 

In this connection it is interesting that 
the outgrowth of the apex in the treated 
prothallia is strikingly similar to that 
obtained by Albaum (i) in young pro- 
thallia which were changed from their 
nearly vertical position to a horizontal 
one. Following the reorientation, the 
apex in these prothallia began to grow 
upward toward the source of light, and 
there was ultimately formed a third wing 
similar to that shown in figure 12. It is 
not to be inferred, however, that the 
apical outgrowths in the treated prothal- 
lia necessarily originated in this same 
manner, since their position relative to 
the source of light was not experimental- 
ly altered. 

The curvatures of petioles and pinnae 
following treatment of the leaves of P. 


longifolia indicate that the reactions of 
the sporopliyte of this fern to 2,4- 
dichlorophenoxy acetic acid are not 
markedly different from those of various 
angiosperms that have been similarly 
treated. 

In the first report of the activity of 
this substance on plants, Zimmerman 
and Hitchcock ( 17) designated as a gen- 
eral type of response ^The negative cur- 
vatures of stems and leaves, i.e., .re- 
sponses involving cell elongation.’^ Sub- 
sec|uent studies by these investigators 
and others have shown that distorted 
growth of stems and leaves is readily in- 
duced in, .many angiosperms by applica- 
tions of 2,4-dichIorophenoxyacetic acid 
and is one of the first conspicuous effects 
of such treatments. In the same paper, 
Zimmerman and Hitchcock described a 

second type of effect- -“moiphogenetic 

activity.” This term was used to refer to 
^hiiodifications of organs which involved 
responses other than curvatures due to 
cell elongation.” Except for the modifica- 
tion of sporangia, which was basically 
the result of cell enlargement, this second 
type of response was strikingly absent in 
the treated sporophytes. The tissues of 
the leaves were relatively imaflected by 
the applications of 2,4-dichlorophe,noxy- 
acetic acid or its ammonium salt and 
were quite insensitive to the formative 
influences of this substance. The re- 
sistance of the sporophyte of P. longifolia 
to histological modification when treated 
with 2 ,4-dichlorophenoxyacet ic acid is 
not unique but serves as another example 
emphasizing the selective action of this 
substance. 

Summary 

I. Spores of Pteris ■longifolia were' gei- 
minated and the gametophytes were 
grown uninterruptedly with Zinzadze’s 
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solution containing o, i, lo, and 5omg./L 
of ammonium 2, 4-diGhlorophenoxy ace- 
tate. 

2. Spore germination was not adverse- 
ly affected either in time or in percentage 
by the presence of the growth-regulating 
substance. 

3. The smaller size of treated gameto- 
phytes was due to the smaller number 
of cells comprising them and not to the 
size of the cells. The intensity of retarda- 
tion of cell division was proportional to 
the concentration of the ammonium salt 
used. 

4. Treatment at 10 mg./l. resulted in 
the formation of the meristem primor- 
dium in the apical instead of the usual 
lateral position. These prothallia did not 
become heart-shaped and rarely pro- 
duced sex organs. 

5 . Fifty-one-day-old gametophy tes 
growing at 10 mg./l. exhibited tubercles 
consisting of small, densely cytoplasmic 
cells in random division within the mas- 
sive cushions. 

6. Prothallia growing at i mg./l. 
showed renewed vegetative activity of 
the meristem to form a third wing. 
Simultaneously, secondary prothallia 
were growing from the basal portion of 
the old. prothallial wings. Functional sex 
organs were more abundant on the pro- 
thallia grown at this concentration than 
on the controls. 

7. Young prothallia grown for 21 days 
on plain ZiNZADZE s solution made no 
appreciable growth after being trans- 
ferred to a culture containing 50 mg, /I. 
of ammonium 2, 4-dichlorophenoxy ace- 
tate. Conversely, gametophy tes which 
were germinated and grown for 21 days 
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on the latter culture showed a rapid re- 
covery to normal growth after being 
transferred to plain Zinzadze's solution. 
Tuberculate prothallia transferred from 
10 mg./l. cultures to agar plates quickly 
produced secondary prothallia which 
were normal in all respects. The tuber- 
cles made no further growth. 

8. Leaves of young and old sporo- 
phytes of P. longifolia were treated with 
lanolin mixtures of 2,4-dichlorophenoxy- 
acetic acid (500 p.p.m.) and aqueous so- 
lutions of the ammonium salt of the acid 
(125-2000 p.p.m.). The petioles showed 
marked curvatures and the unrolling of 
pinnae was retarded. These responses 
were permanent. There was no fraction 
from applications of 125 p.p.m. 

9. Histologically, the applications re- 
sulted in earlier maturation of the peti- 
oles, especially in the outer cortex and 
the metaxylem elements surrounding the 
invaginated phloem. There were no tu- 
mors, proliferations, dr derangement of 
the tissues. The responses were more 
marked where the aqueous solutions 
were used. 

10. Unilateral treatment (500 p.p.m.) 
of terminal pinnae resulted in epinasty 
and spiral twisting of these organs. Be- 
neath the treated indusium, the recep- 
tacle and sporangia were grossly enlarged 
due to cellular distension. There was no 
unusual increase in the number of cells 
comprising these structures. 

The writer acknowledges with sincere 
thanks the advice and aid given by 
P. D. VoTH during the course of this in- 
vestigation. 

Department of Botany 
University OF Chicago 
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THE EFFECT OF INDOLEACETIC ACID UPON INITIATION 
AND DEVELOPMENT OF PIYPOCOTYLEDONARY 
BUD PRIMORDIA IN FLAX 
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GEORGE K, K. LINK AND VIRGINM EGGERS" 


Introduction 

Generally, the normal nondecapitated 
hypocotyl of Linum usitatissimum de- 
velops neither buds nor a shoot. If it 
does, the buds and shoot are restricted to 
the base of the hypocotyl (2, 6 ). If de- 
capitated at a suitable time, however, 

^ This is the third of a series of papers reporting 
the results of studies of hypocotyledonary and epi- 
cotyledonary vegetative buds and wound tissues of 
Linum. usitatissimum by George K. K. Link and 
Virginia Eggers which have extended from 1934 to 
date. The work was supported in part by a grant 
from the Dr. Wallace C. and Clara A. Abbott Memo- 
rial Fund of the University of Chicago. 


the hypocotyl generally develops buds 
abundantly at all levels and, in time, a 
shoot (generally, one only completes de- 
velopment) which substitutes for the 
lost axis (2). In the second paper of this 
series, Link and Eggers (6) reported 
that, while bud primordia are initiated in 
the lower half of the intact hypocotyl of 
flax, none are initiated in its upper half. 
Following decapitation, however, the 
upper half, too, initiates bud primordia, 
and the lower half probably initiates 
some in addition to those present before 
decapitation. 


link & eggers-hypocotyledonary buds on flax 


The study reported here was under- 
taken on the assumption that the coty- 
ledons and epicotyl have an inhibitory 
effect on the initiation and development 
of hypocotyledonary bud primordia in 
flax and that this effect is brought about 
by an auxin or by a complex involving 
one or more auxins in proper concentra- 
tion. The decapitated hypocotyl of flax, 
accordingly, was used to test the effect of 
indoleacetic acid in lanolin upon the for- 
mation and development of hypocotyle- 
donary buds when applied to the decapi- 
tation cut. The primordium of a hypo- 
cotyledonary bud of flax is initiated by 
transverse division of an epidermal cell 
without special prior enlargement or in- 
crease in protoplasm of the cell about to 
divide (s, 6). Therefore, it seemed that 
this study might test the effect of in- 
doleacetic acid upon division of a cell — 
without prior enlargement of the cell~as 
manifested in the initiation and in the 
early stages of development of a hypo- 
cotyledonary bud primordium in the up- 
per half of the hypocotyl, as well as upon 
the complex of cell enlargement, cell di- 
vision, and ceil differentiation manifested 
in subsequent development and growth 
of the young bud into a shoot. 

Material and methods 

^ Seed of the Bison strain of L. usitaiis- 
simum was planted in quartz sand in fl- 
inch pots watered with the complete 
mineralnutrientsoiution used by Eggeus 
(3). The plants were grown in the green- 
house, and plantings were made through- 
out the year. Seedlings were thinned so as 
to leave 20-25 plants per pot. Some 
plants were left as uncut controls, but 
most were decapitated directly below the 
cotyledons, generally on the loth day 
after emergence of the seedlings from the 
substrate. The necessary number of de- j 
capitated plants was used as untreated ; 


cut controls, and the others were used 
for treatment with lanolin alone or with 
^ indoleacetic acid in lanolin in various 
t concentrations. The concentrations test- 
1 ed ranged from 3% indoleacetic acid to 
t 0.00000012% (4.5 X 10-7 molal). In 
\ preparation of concentration o.iifl% in- 
■ doleacetic acid (6 X lo-^ molal and des- 
, ignated i:i in this paper), one part of 
: saturated aqueous solution of indole- 
acetic acid was stirred into an equal part 
of anhydrous lanolin. From this stand- 
ard mixture higher dilutions were pre- 
pared by addition of proper amounts of 
lanolin. The lanolin alone and the lano- 
liri-indoleacetic acid mixtures were ap- 
plied to the cut surfaces of the hypocotyls 
in sufficient quantity to cap the stumps. 
In some experiments only one applica- 
tion was made; in others they were made 
daily. 

In experiments 1—5, one pot each with 
20-25 plants was used as a test lot, and 
the plants were observed daily. Readings 
were made at definite intervals in terms 
of the number of plants budded and of 
the number of buds per budded plant. 
Results of the former readings are ex- 
pressed as percentages of plants budded 
per test lot; results of the latter, as the 
average number of buds per plant of each 
test lot. 

Variability of individual plants as to 
bud formation and development was 
found to be so great that data were re- 
quired from which the standard error 
(SE) and the value of t could be calcu- 
lated. To this end experiments fl and 7 
were set up In experiment fl each test 
lot consisted of five pots, each with 
twenty plants, and in experiment 7 each 
test lot consisted of six pots, each with 

® We are indebted to our colleague Professor Sew- 

ALL Wright for counsel and advice in setting up 
these tests and for the equations used to determine 
SE and /. 
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twenty plants. The value of SE was cal- tion, and upon the development of pri- 
culated according to the equation mordia present in the lower half of the 

(SFi-yaSFi)+ (SFa- F22F.)(t + t) 

\n n/ 

In — n ’ 



in which V is the average number of 
buds per plant in each pot of each test 
lot; is the number of pots in each test 
lot; SF is the sum of the averages of the 
pots of each test lot; F = SF/^^ is the 
average of the averages (F) of the pots of 
each test lot; 2F^ is the sum of the 
squares of the averages of each pot of a 
test lot; and VSF is the product of V 
and ZF. The value of t was calculated 
according to the equation 


The values of SE and t were deter- 
mined for various pairs of test lots from 
the data of the next to the last reading 
of experiments 6 and 7. Detailed data 
are given in table 3 and figures 2 and 3 
for experiment 7 only; in this experiment 
the differences noted in bud averages per 
test lot were great enough to be statisti- 
cally significant. 

Counts were made only of the grossly 
detectable buds. If they had been made 
on sectioned material with a microscope, 
the values for buds present would have 
been higher and the intervals after treat- 
ment until buds were first recorded 
would have been shorter. 

Samples of hypocotyls were collected, 
fixed, imbedded, sectioned, and stained 
according to the methods reported in our 
earlier paper (6), The sections were 
studied to determine the effects of the 
application of lanolin and of indoleacetic 
acid in lanolin on the behavior of epider- 
mal cells of the upper half of the hypo- 
cotyl with reference to the cell divisions 
wdiich initiate bud primordium forma- 


hypocotyl at the time of decapitation and 
treatment. 

Observations and findings 

In the decapitated hypocotyl of flax 
the initial gross injury (the cut) is 
succeeded by the following train of in- 
jury effects: the decapitated member 
generally guttates for a period whose 
length depends upon the physiologic 
state of the hypocotyl prior to decapita- 
tion and upon external conditions fol- 
lowing it; it shrinks, evident in decrease 
of its diameter and, at times, even of its 
length; it becomes less green; the cut sur- 
face begins to dry out and becomes 
necrotic, the depth to which the under- 
lying tissues are involved depending 
upon the physiologic state of the hypo- 
cotyl prior to the primary injury and 
upon external conditions following it. In 
vigorous hypocotyls recovery from the 
injury and injury effects attendant to de- 
capitation is marked by prompt reattain- 
ment of the green color and of the di- 
ameter of the predecapitation hypocotyl; 
by early cessation of desiccation and ne- 
crosis of the cut and of the tissues below 
it; by prompt cicatrization of the wound; 
and by slight tumor formation imme- 
diately below the healing surface through 
development of an inner wound tissue 
(interior callus). After this the hypocotyl 
experiences a limited general diameter 
increase, and, in time, buds become 
grossly evident on most hypocotyls 
(fig. iD). 

If a hypocotyl succeeds in healing the 
wound promptly and develops a shoot, 
this shoot generally attains only one-half 
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the length of the main axis of a nonde- 
capitated plant, but its blooming lags 
only a few days behind that of the non- 
decapitated plant. Since such a plant 
does not develop the cotyledonary axes 
of the normal plant, even in recovery it 
still is abnormal and pathic in that its 
production of the fiber-bearing members 
and its production of flowers and fruit 
are far behind that of the normal plant. 
The primary injury and its effects leave 
a lasting, irreversible effect even under 
the most favorable circumstances. 

If the hypocotyls are less vigorous 
when decapitated and external condi- 
tions are not favorable, the decapitation 
injury and its effects may terminate 
fatally in many hypocotyls. The older 
the hypocotyl at time of decapitation, 
the greater is the chance of death of the 
pathic hypocotyl. Hypocotyls of plants 
grown in soil are more pathic and die 
more readily than those grown in sand 
and supplied with mineral nutrients. The 
pathic state of a decapitated hypocotyl 
may be brief, ending promptly in death, 
or prolonged, terminating in death only 
after some weeks. Development of hy- 
pocotyledonary buds and shoots does not 
necessarily insure survival of the injured 
hypocotyl.. 

These tests, therefore fas all so-called 
“physiologicaF’ tests with plants which 
experimentally are injured physically 
or chemically as well as all so-called 
• “pathologicaF^ tests with plants which 
experimentally are injured infectiously), 
are made with plants experiencing, and 
reacting to, an injury — hence, with plants 
in a pathic state. In the decapitated, un- 
treated hypocotyl this state is not com- 
plicated by addition of lanolin or by in- 
doleacetic acid in lanolin. Hence de- 
capitated but untreated hypocotyls were 
run as controls for the decapitated 
lanolin controls. The pathology of the 
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decapitated untreated and treated hypo- 
cotyl in recovery, and in failure of re- 
covery, will be described in detail in a 
later paper. 

Table i reports some of the results of 
experiments 1-5, which were conducted 
at various times of the year with decapi- 
tated controls, lanolin-treated decapitat- 
ed controls, and with decapitated hypo- 
cotyls treated with various concentra- 
tions of indoleacetic acid. The bud counts 
of these experiments are not given here 
because of their large number. Table 3 
for experiment 7 shows the great varia- 
bility of such data. Table i also reports 
the number of surviving plants of experi- 
ments I and 2. 

Part of experiment i was planned to 
determine whether lanolin alone and in- 
doleacetic acid in lanolin affect hypo- 
cotyledonary bud formation and de- 
velopment in decapitated hypocotyls of 
flax and to give a clue as to the maximum 
concentration of indoleacetic acid usable. 
It was found that one treatment with (a) 
3% or 1% indoleacetic acid completely 
inhibited bud formation for the period of 
bud readings from April 27 to May 16; 
W 0.3% or i:i (0.116%) indoleacetic 
acid produced temporary inhibition, the 
former concentration producing the 
longer inhibition; (c) 1:2 (0.058%) in- 
doleacetic acid produced no inhibition 
at all. In addition to their effects upon 
bud formation, concentrations 3%, 1%, 
and 0.3% produced pathic changes such 
as temporary blanching of the hypocotyl 
and excessive swelling directly below the 
site of application (fig. iB). Further- 
more, these pathic effects terminated 
fatally. Thus in experiments i and 2, one 
month after the last bud count, 99%, 
100%, and 70%, respectively, of the 
plants treated with 3%, 1%, and 0.3% 
indoleacetic acid had died. These lethal 
effects are similar to the herbicidal effects 
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TABLE 1 


Effects of Lanolin and indoleacetic acid upon bud formation 
BY decapitated hypocotyls of flax and upon their survival 


Experi- 

ment 

no. i 

History of plants and 
of treatment 

Kind of treatment 

Response of hypocotyl 

I 

Planted 4/15 

Decapitated 

Buds on 6th day 100% alive 

“ 100% “ 


Up 4/19 

“ , lanolin 


Treated 4/21 

“ ,3% indoleacetic acid 

No buds on 19th day 99% dead 


Read 4/27, 4/29 

S/2, 5/4,5/9.5/16 

“ , 1% 

“ 100% “ 


“ ,c.3% 

“ ,1:1(0.116%) “ 

“ ,1:2 

No buds on 14th day; 70% “ 

buds on 19th day 

No buds on 6th day; 100% alive 

buds on 8th day 

Buds on 6th day 100% “ 

2 

Planted 4/26 

Decapitated 

Buds on 6th day 1 00% alive 


Up 4/29 

“ , lanolin 

“ 100% “ 


Treated 5/6 

1 , 1% indoleacetic acid 

N 0 buds on 1 9 th day 100% dead 


Reads/12, 5/14 

S/i6, 5/18, s/20 

1 5/23.7/11 

“ ,0.3% 

“ 100% “ 


’ “ ,1:1 

“ ,1:2 " 

Decapitated 

No buds on 10 th day; 100% alive 

buds on 12 th day 

Buds on 6th day 100% '' 

3..... 

Planted 5/20 

Buds on sth day 


Up 5/24 

“ , lanolin 

a 


Treated 6/3 

“ I : I indoleacetic acid 

No buds on 14th day; buds on 21st day 


Thereafter daily 

« ,1:2 

(1 u 


applications of 

“ ,1:4 " 

« (( 


lanolin and indole- 

,1:8 " 

No buds on 12th day; buds on 14th day 


acetic acid 

,1:16 “ 

No buds on 7th day; buds on loth day 


Read 6/8, 6/10, 
6/13,6/15,6/24, 

“ ,1:32 

No buds on 5 th day; buds on 7 th day 


1 “ ,1:64 “ 

Buds on sth day 


■ 7/5 

1 " ,1:128 “ 

No buds on sth day; buds on 7th day 

4 

: Planted 9/19 

Decapitated 

Buds on 7th day 


1 Up 9/25 

1 “ , lanolin 

Buds on 7th day 


Treated 10/4 

,1:1 indoleacetic acid 

No buds on 20th day 


' Thereafter daily 

1 ■ " ,1:2 “ 

a 


applications of 

‘ . u 

, 1.4 

(( 


lanolin and of 

“ ,1:8 

a 


indoleacetic acid 

" ,1:16 

a 


Read lo/i 1, 10/13, 
10/15,10/17, 

,1:32 “ 

Buds on 7th day 


,1:64 

u 


10/19,10/24 

“ , 1:128 to 1:524,288 

inclusive 

u 

5 .... . 

Planted 9/29 

Decapitated 

Buds on 17th day 


Up 10/4 

' ‘‘ , lanolin once 

« 


Treated 10/20 
Thereafter one- 

daily 

“ ,1:1 indoleacetic acid 

u 


half of each lot 

once 

No buds on 26th day 
(( 


daily applications 

daily 


of lanolin and of 

“ ,1:4 “ once 

a 


indoleacetic acid 

daily 

« 


Read 10/27, 10/29, 

" ,1:16 “ once 

Buds on 17th day 


10/31,11/2,11/5 

1 daily 

j “ , 1:64 to 1:262,144, 

inclusive once 

No buds on 26th day 

Buds on 17th day 



daily 





Fig. I. — All plants, of same age from seed planted in quartz sand April 15, had experienced same cultural 
conditions when severed on May 10, at ground line, for photographing. *4, representative control plant 
showing hypocotyl, cotyledons, short first intemode, longer higher internodes; cotyledonary buds beginning 
to develop into axes. All axes began to flower June 7; buds in leaf axils also had then become grossly detect- 
able. Note that hypocotyl in .h is longer than those of C, and D. Sets B, C, and D are hypocotyls from 
plants decapitated directly below cotyledonary node on April 21 and recut on April 25, the day of treatment 
(experiment i, table 2). B, treated with 0.3% indoleacetic acid in lanolin; C, treated with i:i (0.116%) 

(Legend continued on following page) 
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noted for bean and tomato by Link^ 
Wilcox, and Link (4). All untreated 
controls and all lanolin-treated decapi- 
tated plants alive at the time of treat- 
ment had survived. 

Another part of experiment i was de- 
signed to determine the effect of a delay 
of 2 and 4 days in treatment of the de- 
capitated hypocotyls with lanolin and 
with high concentrations of indoleacetic 
acid. The plants were decapitated on 
April 21. One half were not cut again but 
were treated on the 2d and 4th days after 
decapitation. The other half were divided 
into three lots. The first of these was 
treated immediately after decapitation; 
the second, 2 days, and the third, 4 days, 
after decapitation (fig. i). Presence or 
absence of buds is shown in table 2 for 
the days on which readings were made. 

The results indicate that concentra- 
tions of 3%, 1%, 0.3%, and o.ii6% in- 
doleacetic acid were more effective in in- 
hibiting or retarding bud formation if 
applied on the day of decapitation than 
on later days. The acid seemed to be 
equally effective whether applied to a 
new cut or to the old cut surface. 

Concentrations of 3% and 1% in- 
doleacetic acid applied on the day of de- 
capitation completely inhibited bud for- 
mation until the plants died. A concen- 
tration of 0.3% applied on that day de- 
layed it for 18 days, but the plants died. 


Applied 2 and 4 days after decapitation, 
3% and 1% indoleacetic acid delayed 
bud formation for 13 days. Because of 
the findings of this test, treatment in all 
subsequent experiments was applied on 
the day of decapitation. 

Experiment 2 was a repetition of part 
of experiment i with elimination of the 
treatment with 3% indoleacetic acid. 
The results were essentially those ob- 
tained in experiment i as to effects on 
budding and on death of the hypocotyl. 

In experiment 3 the hypocotyls were 
treated daily with lanolin and with in- 
doleacetic acid, and higher dilutions 
of indoleacetic acid were used — i:i 
(0.116%) to 1:128 (0.0009%). The 
plants were grown during the period of 
maximum sunshine (June 3-July 5). In 
addition to verifying the results of ex- 
periments I and 2, the data of this ex- 
periment indicate that repeated applica- 
tions of indoleacetic acid in the higher 
dilutions were more effective in produc- 
ing inhibition of bud formation than a 
single application of the same concentra- 
tion. Thus concentration 1:32 (0.0036%) 
indoleacetic acid applied daily produced 
a lo-day retardation of grossly detect- 
able bud formation, whereas a single ap- 
plication of concentration i : 2 (0.058%) 
in experiments i and 2 did not produce 
any retardation or inhibition. 

Experiment 4 was a duplication of ex- 


(Continued from preceding page) 

indoleacetic acid in lanolin; D, treated with lanolin paste and used as controls. Note substitute axes in D; 
when more than one developed, one became dominant. It flowered a few days later than axes of uncut plant 
but was shorter and more slender. Also note additional buds in center plant. Plants treated with lanolin 
immediately and 2 days after decapitation resembled these plants. In other experiments, concentrations of 
0.3% and I : i indoleacetic acid, when applied immediately after decapitation, completely and permanently 
inhibited initiation and development of bud primordia and bud and shoot development in upper and lower 
halves of h3^pocotyl. Concentration 1:128 (0.0009%) was highest dilution which significantly retarded bud 
initiation and development (experiment i, table 3 and figs. 2, 3). Shoots of set C are shorter than those of 
set D. Note club-shaped tumefaction of hypototyl in set B; complete absence of buds in specimen to left and 
increasing numbers of buds scattered along entire length of hypocotyl, as well as small shoots in other 
specimens. These buds did not appear until 14 days after treatment, a delay of 12 days, and then appeared 
only in 30% of plants. These hypocotyls died prematurely , as did those treated with i:i indoleacetic acid. 
Note in table 2 that 0.3% indoleacetic acid produced complete and permanent inhibition in hypocotyls 
treated on date of decapitation. 
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periment 3 and, in addition, tested dilu- 
tions of indoleacetic acid up to and in- 
cluding 1:524,288 (0.00000012%). The 
light conditions were not so favorable as 
in experiment 3, but the results were es- 
sentially the same. 

In experiment 5 the effects of one and 
of daily treatments were tested concur- 


i-“S indicates that the effectiveness of a 
particular concentration within the max- 
imum range of effectiveness varied slight- 
ly in the different experiments. The time 
of bud appearance in the controls and 
lanolin-treated plants ranged from 5 (3d 
experiment [May 2o--July 5]) to 17 days 
(5th experiment [September 29-Novem- 


TABLE 2 

Presence or absence of buds following decapitation and deferred treatment and 
FOLLOWING decapitation WITH REPEATED CUTTING AND IMMEDIATE TREATMENT 



rently. Light conditions were not so fa- 
vorable as in experiment 4, but the find- 
ings corroborate those of experiments 3 
and 4. In the higher concentrations — 
i:i (0.116%) and 1:4 (0.029%) indole- 
acetic acid — -the single treatment and 
the daily treatment produced the same 
effects. Concentration 1:16 (0.00725%) 
indoleacetic acid showed a differential 
effect, the daily treatments delaying bud 
formation longer than the single treat- 
ment. 

' Perusal of the results of experiments 


ber 5]). Plants treated with i : i (0.116%) 
indoleacetic acid did not produce buds 
until the 8th day in experiment i 
(April 27-May 16) and not until the 12th 
day in experiment 2 (May 12-July ii). 
Buds appeared by the 21st day in experi- 
ment 3 (June 8“July 5) in plants treated 
daily with concentration i : 4 (0.029%), 
whereas in. experiment 5 the same treat- 
ment held buds back beyond the 26th 
day. In this test, concentration i: 16 
(0.00725%) held back buds past the 
26th day, whereas in experiment 3 this 
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concentration retarded them only 7-9 
days. These results probably indicate 
that the metabolic status of the plant is 
a factor in determining the effectiveness 
of various concentrations of indoleacetic 
acid (2, 3, 6) in affecting bud formation 
and development. 

Some data of experiments 1-5 and of 
other experiments indicated at times 
that lanolin possibly affects the number 
of buds formed. They also indicated that 
treatments immediately after decapita- 
tion and after a lapse of i™6 hours, re- 
spectively, produced differences in the 
number of buds formed and also that a 
single treatment either immediately after 
decapitation or after some hours on the 
same day produced different results than 
did a series of treatments on successive 
days. 

The data of experiments 1-5 also had 
indicated the possibility that concen- 
trations of indoleacetic acid ranging 
from. 1 : 256 (0.00045%) to i : 524,288 
(0.00000012%) at times increased the 
number of buds formed and developed 
by the treated hypocotyl. To determine 
whether the differences noted in the 
average of buds formed were statistically 
significant, experiment 6 was set up. It 
included the following eleven test lots, 
each comprising five pots with twenty 
plants each: (i) cut, untreated control; 
(2) lanolin, one treatment applied imme- 
diately after decapitation; (3) lanolin, 
one treatment applied 6 hours after de- 
capitation; (4) lanolin, first treatment 
applied immediately after decapitation, 
thereafter daily; (5) lanolin, first treat- 
ment applied 6 hours after decapitation, 
thereafter daily; (6) indoleacetic acid 
1:4096 (0.000028%), one application 
immediately after decapitation; (7) in- 
doleacetic acid 1:4096, one application 
6 hours after decapitation; (8) indole- 
acetic acid 1:4096, first application im- 


mediately after decapitation, thereafter 
daily; (9) indoleacetic acid 1:4096, first 
application 6 hours after decapitation, 
thereafter daily; (10) indoleacetic acid 
1:8192 (0.000014%), one application im- 
mediately after decapitation; and (ii) 
indoleacetic acid i: 16,384 (0.000007%), 
one application immediately after de- 
capitation. This experiment was con- 
ducted from March 7 to April 10. Read- 
ings were made on the 3d, 5th, 9th, and 
1 5th days after buds first had begun to 
appear. Readings of the number of buds 
counted on the 9th day were treated sta- 
tistically. No statistical significance was 
found for the differences noted between 
test lots I and 2-1 1, inclusive; 2 and 3; 
4 and 5; 6 and 7; 8 and 9; 6 and 8; and 
7 and 9. This indicates that the differ- 
ences noted were due to individual varia- 
tion in the flax plants tested and that 
the flax plant and the methods used are 
not suitable to determine whether in- 
doleacetic acid in certain concentrations 
stimulates bud formation and develop- 
ment in the decapitated hypocotyl. 

The preliminary experiments and ex- 
periments i™5 also had indicated that 
certain higher concentrations of indole- 
acetic acid — i:i (0.116%) to 1:256 
(0.00045%)— which are not high enough 
completely to inhibit bud formation and 
development, are adequate to reduce the 
number of buds formed per plant. The 
threshold seems to vary with the meta- 
bolic state of the plant. 

Experiment 7 was set up so that sta- 
tistically usable data might be obtained 
to determine the validity of these indica- 
tions. The experiment included the five 
following test lots, each comprising six 
pots of twenty plants each: (i) cut, un- 
treated control; (2) lanolin, one treat- 
ment; (3) indoleacetic acid i : i (0.116%), 
one treatment; (4) indoleacetic acid 
1:128 (0.0009%) ? one treatment ; and 
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(5) indoleacetic acid i : 4096 (0.000028%), 
one treatment. Lanolin and indoleacetic 
acid were applied immediately after de- 
capitation. Readings were begun 7 days 
after treatment and were made again on 
the 9th, nth, 15th, and 21st days. The 
data obtained on the isth day were 
treated statistically. Table 3 records the 
data of all readings in terms of percent- 


age of plants budded and of average 
number of buds per plant. Figure 2 
shows the percentage of plants budded 
and figure 3 the average number of buds 
per plant for all readings. 

Calculation of SE and t showed that 
the differences between the cut, untreat- 
ed control (i) and the lanolin- treated de- 
capitated hypocotyl (2) are not statisti- 


TABLE 3 

Variability in rate of bud formation by hypocotyls of flax decapitated 

AND TREATED ON FEBRUARY 22 


Date oe 

READING 

Pot no. 

Decapitated 

Lanolin 

Indoleacetic acid 
I : 4096 

Indoleacetic acid 
1:128 

Indoleacetic acid 

I ; 1 

Plants 

budded 

{%) 

Average 
buds per 
plant 

Plants 

budded 

(%) 

Average 
buds per 
plant 

Plants 

budded 

(%) 

Average 
buds per 
plant 

Plants 

budded 

(%) 

Average 
buds per 
plant 

Plants 

budded 

(%) 

Average 
buds per 
plant 

sA 

I 

23 -s 

0.41 

8.6 

0. 21 

16.6 

0.25 

0 

'0 

0 

0 


2 

18. I 

0. 27 

26.3 

0.36 

33.3 

i 0-38 

0 

0 

0 

0 


3 

15.7 

0.21 

31.2 

0.62 

4.76 

0.09 

0 

0 

0 

0 


4 

s-s 

0.05 

4.34 

0.04 

II . I 

0. II 1 

0 

0 

0 

0 


5 

20.0 

0.20 

4.76 

0.14 

16.6 

0. 16 

0 

0 

0 

0 


6 

21.7 

0.26 

10.00 

0. 10 

13.6 

0.13 

0 

0 


0 


1-6 

17.6 

0.23 

13. 1 

0.22 

16. 1 

0. 19 

0 

0 

0 

0 

3/3 

I 

47.0 

1. 41 

73-9 

2.21 

66.6 

1.79 

3 I-S 

0.42 

0 

0 


2 

72.7 

I- 9 S 

89,4 

3.21 

66.6 

2.28 

86.1 

0.86 

0 

0 


3 

36. 8 

I.C5 

81 . 2 

2.37 

47.6 

1. 14 

5-0 

0.05 

0 

0 


4 

44.4 

1 .00 

82.6 

2.65 

66.6 

2.16 

0 

0 

0 

i 0 


5 

4 S -0 

0 - 9 S 

52-3 

1.04 

61. 1 

2.05 

0 

0 

0 

i 0 


6 

47.8 

I .00 

65.0 

1-44 

59.0 

1.77 

0 

0 

0 

0 


1-6 

49 -S 

1.23 

73-7 

2.13 

61.2 

1.8s 

6.6 

0.08 

0 

0 

3 /s 

I 

94.1 

3 « 4 i 

91-3 

3-91 

81 . 5 

3-91 

68.4 

2. 78 

0 

0 


2 

100.0 

3-77 

94.7 

5.00 

100.0 

3-57 

100.0 

3-34 

0 

0 


3 

84. 2 

2.84 

93-7 

5.62 

95-2 

2.90 

S 5-0 

1 . 20 

0 

0 


4 

83-3 

2.33 

91.3 

4-56 

100.0 

3.22 

79.1 

2.00 

0 

0 


S 

89.4 

3-47 

90.4 

2.66 

88.8 

3.83 

52. I 

1-30 

0 

0 


6 

91-3 

3.04 

90.0 

3-35 

86.3 

3.86 

40.7 

1.22 

0 

0 


1-6 

91-5 

3,16 

91.7 

4,12 

92.7 

3.56 

65-4 

1.94 

0, 

0 

3/9 

I 

100.0 

9.23 

100.0 

7.81 

95-8 

7.08 

89.4 

3 -S 2 

0 

0 


2 

100.0 

9.40 

100.0 

8.36 

100.0 

7-47 

100.0 

5.60 

0 

0 


3 

100.0 

9 . 26 

100.0 

8,62 

100.0 

4.76 

95.0 

2-45 

0 

0 


4 

100.0 

8.88 

100.0 

9-47 

94-7 

6.05 

95-8 

3-54 

0 

0 


5 

100.0 

9.00 

100.0 

6.19 

100.0 

6.27 

86.3 

2.72 

0 

0 


6 

100.0 

7-73 

100.0 

6 -95 

95-4 

7-45 

85.1 

3 -H 

0 

0 


1-6 

100. 0 

8.88 

100.0 

7 - 90 

97.6 

6.5s 

91 . 8 

3.59 

'■ 0 

0 

3/15..... .. 

I 

100.0 

10.47 

100.0 

8-13 

100.0 

8.25 

89.4 

3-88 

0 

0 


2 

100.0 

10.09 

ICO.O 

9.00 

100.0 

8.70 

100.0 

6.08 

0 

' 0 


3 

100.0 

10.15 

100.0 

9-31 

100.0 

6.29 

100.0 

3.10 

0 

0 


4 

100.0 

10. II 

100.0 

10.26 

ICO.O 

7-50 

95-8 

4-58 

0 

0 


5 

100.0 

9.80 

100.0 

7.04 

100.0 

7-77 

86.3 

2-95 

0 

0 


6 

100.0 

9 -So 

100.0 

7.60 

100.0 

9.18 

92.5 

3-70 

0 

0 


1-6 

100.0 

10.00 

100.0 

8.S5 

100.0 

7-97 

94.47 

4.08 

0 

O' " 


A 



Fig. 2. — Percentage of plants with buds based on counts made March i, 3, S, 9, and 15, and tabulated in 
table 3. ^ 5 cut, untreated control plants; B, decapitated lanolin-treated control plant; C, decapitated plants, 
treated.with 1:4096 (0.000028%) indoleacetic acid-lanolin; D, decapitated plants, treated with 1:128 
(0.0009%) indoleacetic acid-lanolin; E, decapitated plants, treated with i:i (0.116%) indoleacetic 
acid-lanolin. 
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cally significant; that the differences be- 
tween the lanolin-treated hypocotyls (2) 
and those treated with indoleacetic acid 
1:128 (0.0009%) (4) are highly signifi- 
cant. 

The findings of this experiment corrob- 
orate those of experiment 6 to the effect 
that lanolin treatment produces no 
significant difference in the rate and 


amount of budding in the treated plant 
as compared with the cut, untreated 
plant; that indoleacetic acid in greater 
dilution than 1:128 (0.0009%) produces 
no significant changes in the number of 
buds formed; and that indoleacetic acid 
I : I (0.116%) may produce complete in- 
hibition of bud formation. 

When hypocotyls treated with various 



Fig. 3.— Average number of grossly detectable buds per plant, based on counts made March i, 3, 5, 9, 
and IS and tabulated in table 3. . 4 , B, C, D, and E represent same plants as in fig. 2. Differences between 
and B, A and C, andB and Con March 9 are not statistically significant; differences betweenX and Z), 
A and jE, B and D, and B and E are. 
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concentrations of indoleacetic acid were 
examined histologically, it was found 
that, in those instances in which indole- 
acetic acid produces complete inhibition 
of grossly visible buds, the initiation of 
bud primordia in the upper half of the 
hypocotyl is completely inhibited and 
the development of the primordia pres- 
ent in its lower half also is completely 
inhibited. In those instances in which 
formation and development of buds are 
temporarily inhibited and retarded by 
indoleacetic acid, these effects are due to 
temporary inhibition in the initiation of 
bud primordia in the upper half of the 
treated hypocotyl and to temporary in- 
hibition of development of the primordia 
present in its lower half. 

Discussion 

It is evident from the results of the ex- 
periments that indoleacetic acid could 
serve in the intact flax plant as an agent 
in the inhibition of (a) bud primordium 
initiation; (b) development of the pri- 
mordium into a bud; and (c) develop- 
ment of the buds into shoots. Tests to 
determine whether auxins are present in 
the flax plant and whether they are so 
distributed as to serve in inhibition of 
hypocotyledonary bud primordia in the 
intact plant are the subject of researches 
to be reported in other papers. 

Van Overbeek (7) reported that 0.1% 
indoleacetic acid in lanolin applied to the 
decapitated pea plant completely inhibit- 
ed development of the lateral buds. In 
some of our experiments 0.116% in- 
doleacetic acid completely inhibited for- 
mation of hypocotyledonary bud primor- 
dia and of their development into buds 
and, of these, into shoots. Concentrations 
higher than this (i.e., 0.;^%-^%) also 
inhibited these events, but they also led 
to premature death of the treated organ 


after stimulating it to excessive tumor, 
formation beneath the treated wound. 

Our failure to establish whether any of 
the concentrations of indoleacetic acid 
tested incites or hastens bud primordia 
formation and development of these into 
buds may indicate that, in addition to 
auxins, factors other than indoleacetic 
acid — and not controlled in our tests — 
also play a role in bud primordium initia- 
tion and in bud development. 

The results of our experiments show 
that indoleacetic acid and presumably 
the auxins of the flax plant so affect the 
epidermal cells of the hypocotyl that 
they do not experience the transverse cell 
divisions characteristic of bud primordi- 
um initiation or the subsequent divisions 
and other cell processes characteristic of 
development of the primordium into a 
bud and of development of the bud into 
a shoot. They do not, however, indicate 
how these effects are brought about. 
Presumably they could be affected di- 
rectly or indirectly. 

It is evident that the effects are quite 
definite or specific so far as cell division 
is concerned; while cell divisions charac- 
teristic of bud primordium initiation are 
inhibited, cell divisions involved in for- 
mation or development of wound tissue 
are not inhibited. 

The fact that repeated applications of 
a given concentration of indoleacetic 
acid are more effective than one applica- 
tion in inhibiting bud formation and de- 
velopment indicates that attainment and 
maintenance of a certain threshold 
value is essential for continued inhibition 
of bud initiation and development and 
that the indoleacetic acid applied is used 
up, or inactivated. The fact that a cer- 
tain concentration, unless renewed, in- 
hibits bud formation for only a limited 
time points to the same conclusion. 
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Delay for more than a day in treat- 
ment with a concentration which is in- 
hibitory if applied immediately retards 
but does not completely inhibit bud for- 
mation. This suggests that this given 
concentration of indoleacetic acid more 
readily inhibits the epidermal cell divi- 
sion involved in bud primordium initia- 
tion than it does the processes involved 
in development of the primordium into a 
bud and of the bud into a shoot. 

There are many studies dealing with 
the inhibitory effects of auxins upon the 
development of lateral buds, and several 
theories about the action of auxin in pro- 
ducing this effect, which have been criti- 
cally evaluated by van Overbeek (7). 
We are aware, however, of only one re- 
port on the effects of auxins upon initia- 
tion of buds which are not mediated by 
callus tissue. Beal (i) reported that 
Lilium harrisii^ when decapitated and 
treated on the cut surface with 3% indole- 
arctic acid in lanolin, initiated buds in 
the axils of leaves which normally do not 
bear buds. He described the course of 
events as follows : 

In L. harrisii the region of visible response to 
the treatment is limited largely to the cells of the 
epidermis and outer cortex in the immediate 
vicinity of the leaf axil. The epidermal cells of 
the stem immediately above the axil elongate 
radially, while the outer cortical cells centrip- 
etal to, as well as slightly below, them enlarge 
and in the course of about 5 days begin dividing. 
This marks the initiation of the region at which 
buds will later develop. 

At the time we undertook the experi- 
ments reported here, we entertained the 
hypothesis that a range of concentration 
might be found which would stimulate 
the epidermis of the decapitated flax 
hypocotyl to initiate buds. For a time, 
as pointed out above (5), it seemed as 
though we had found, in certain experi- 
ments, concentrations of indoleacetic 


acid which did produce this effect. Had 
this finding been substantiated, we 
should be dealing with a situation in 
which an auxin (indoleacetic acid) in- 
duces cell division without first inducing 
cell enlargement. Possibly no concentra- 
tion of indoleacetic acid plays a role in 
inciting this train of events. Unfortunate- 
ly, either the great variation in capacity 
of individual hypocotyls to initiate buds, 
or the essentially uncontrolled meta- 
bolic status of our plants, or both, made 
it impossible to obtain statistically sig- 
nificant data bearing upon the question 
of whether indoleacetic acid stimulates 
epidermal cells to divide transversely and 
thus to begin the initiation of bud pri- 
mordia. The findings show clearly, how- 
ever, that a range of concentration of in- 
doleacetic acid exists which inhibits and 
retards the cell divisions which initiate 
buds in the decapitated hypocotyl of 
flax. 

We are not concerned here with the in- 
teresting questions as to whether this 
effect of auxin is brought about directly 
or indirectly and what the mechanism is 
whereby it is brought about. These 
questions will be discussed in later pa- 
pers. 

The findings indicate that an auxinic 
mechanism may be a method whereby 
initiation and subsequent development 
of hypocotyledonary bud primordia are 
controlled in the intact flax plant. Studies 
of the auxinic situation in the intact flax 
plant, and in isolated members of it, in 
its possible relation to bud inhibition will 
be reported on in later papers. 

The finding that for a given concentra- 
tion of indoleacetic acid, in any particu- 
lar experiment, repeated applications are 
more effective than a single application 
may indicate that the auxin applied is 
used up or bound in some way and that 
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repeated applications are essential for 
maintenance of the threshold concentra- 
tions necessary to inhibit bud initiation 
and development. These thresholds seem 
to vary with the metabolic or nutritional 
status of the plant prior to and following 
decapitation and treatment. 

Summary 

1. The decapitated hypocotyl of flax, 
with its initial injury and the resultant 
injury effects, is in a pathic state during 
the course of the experiments reported 
here. The metabolic status of the hypo- 
cotyl at the moment of infliction of the 
injury, and the external conditions to 
which it is exposed after its mutilation, 
determine to what extent the injury ef- 
fects terminate in recovery and shoot re- 
generation, or in death. 

2. Single or repeated applications of 
lanolin alone to the wound of the decapi- 
tated flax hypocotyl produced no de- 
tectable effects upon survival of the hy- 
pocotyl or upon its initiation and de- 
velopment of hypocotyledonary buds. 

3. Applications of 3% and of 1% in- 
doleacetic acid in lanolin to the decapi- 
tation wound completely and perma- 
nently inhibited bud primordium de- 
velopment in the lower half, and bud pri- 
mordium initiation in the upper half, of 
the hypocotyl. The treated plants died 
earlier than the untreated cut controls, 
as reported earlier for bean and tomato. 

4. Application of 0.3% indoleacetic 
acid in lanolin retarded these bud events 
for a long time. It also led to the prema- 
ture death of most of the treated hypo- 
cotyls. Application of i:i (0.116%) in- 
doleacetic acid in lanolin led to slight re- 
tardation or to complete inhibition of 


these bud events, depending upon the 
number of treatments and upon the 
metabolic status of the tested plants. 

5. The lowest concentration of in- 
doleacetic acid noted to retard bud pri- 
mordium initiation and development was 
1:128 (0.0009%). One treatment with 
this concentration in February was more 
effective than repeated treatments in 
May. 

6. While one treatment with 1:16 
(0.007%) concentration of indoleacetic 
acid retarded grossly detectable bud 
appearance for 17 days, repeated treat- 
ment suppressed it completely for 26 
days. 

7. In the higher concentrations, 1:4 
(0.029%) and above, no difference was 
noted in the effect of single as compared 
with repeated treatments. 

8. Under the conditions of the experi- 
ment no concentration was found which 
stimulated bud primordium initiation 
and development. 

9. The findings show that indoleacetic 
acid in lanolin may retard or completely 
inhibit the transverse divisions of epi- 
dermal cells of the hypocotyl which are 
the first detectable beginning of hyp)Oco- 
tyledonary bud primordium initiation in 
flax. 

10. The greater efficiency of repeated 
applications than of a single application 
of the same concentration of indoleacetic 
acid in inhibiting or retarding these 
events may indicate that the former 
treatment maintains the threshold neces- 
sary for inhibition by replacing auxin 
used up or bound in the hypocotyl. 
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MEGASPOROGENESIS AND DEVELOPMENT OF THE 
EMBRYO SAC OF ALLIUM CERNUUM 

JOHN B. MURPHY 


Introduction 

During recent years much previous 
work on the Liliaceae has been ques- 
tioned. Reinvestigation has, in some 
cases, effected grave changes in the pat- 
tern of the life-story of members of the 
family. The Lilium type of embryo sac, 
established by Treub and Mellink (36) 
as a result of their study of Lilium bul- 
biferum^ has lately been eliminated be- 
cause of the subsequent reinvestigation 
by Bambacioni (i, 2, 3). Investigators 
such as Guignard (ii), Sargant (31), 
Coulter (7), and Mother (25) had ob- 
served pecularities in the development of 
the Lilium megagame tophyte, but con- 
sidered these to be abnormalities and 
failed to investigate them any further. 
Bambacioni established that the mature 
embryo sac of L. bulbiferum followed 
the pattern of the Fritillaria type as first 
described in her report on F, persica and 
L\ candidum: Cooper (5, 6) suggested 
that the Fritillaria type is probably char- 
acteristic of the whole genus Lilium . 

The present investigation was under- 
taken to make a comparative study of 


megasporogenesis and embryo-sac devel- 
opment in a genus related to Lilium with 
special attention to the type of embryo 
sac and its possible variation from the 
traditional type. An uninvestigated spe- 
cies, Allium cernuum Roth, was consid- 
ered a favorable species for such study. 

Material and methods 

Ovaries were collected at intervals 
over a period extending from June 
through August in the years 1943 and 
1944. They were prepared for sectioning 
by the usual paraffin technique. Some 
were stained with safranin and fast 
green; others were stained with safranin, 
gentian violet, and orange G in clove oil. 
Sections cut at 8 or 10 ^ were found most 
suitable for study. 

Observations 
Development oe the 

MEGASPOROPHYLLS 

Three carpel primordia appear as 
crescent-shaped mounds in the flattened 
area of the flower summit inside the in- 
ner whorl of stamens and alternate with 
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them. The bases of the primordia grow 
more rapidly than the apices, thus caus- 
ing the megasporophylls to be leaflike in 
appearance, with a broad base and a 
bluntly pointed apex. The subsequent 
growth of the carpels results in syncarpy 
by an inward arching of the three seg- 
ments until eventually the inturned 
margins come in direct contact with each 
other ; at the point of contact the carpels 
fuse, forming the style primordium. The 
primordium of the compound pistil 
grows upward, resulting in formation of 
a simple, persistent, threadlike style 
arising from the tip of the ovary. 

The basal portions of the carpels con- 
stitute the ovary. At about the time that 
the style initial begins to elongate, the 
ovule primordia differentiate from the 
inner ridges of the carpellary margins in 
the ovarian portion, thus showing axil- 
lary placentation. 

Development oe the 

MEGASPORANGIUM 

The ovule initial appears as a dome- 
shaped mass of cells which arises from 
the placenta at the base of the carpel. 
Periclinal divisions of cells of the hypo- 
dermal layer of the sporophyll result in 
the formation of a mass of nucellar tis- 
sue. The overlying epidermal cells divide 
only anticlinally, thus compensating for 
the enlargement of the nucellus and, at 
the same time, forming a layer of epi- 
dermal tissue. The nucellus develops 
rapidly, and, before the style is very far 
developed, a single hypodermal arche- 


The integuments grow with greater rap- 
idity than the nucellar tissue and com- 
pletely envelop the ovule before meiosis 
is completed. The inner integument 
varies from three to five rows of cells in 
thickness at maturity and is slightly 
shorter than the outer integument, which 
is seven to nine cell rows thick. Both 
integuments are tightly pressed together, 
but at the time of pollination the cells of 
the integuments contract, resulting in a 
micropylar opening. After the entrance 
of the pollen tube the integuments again 
become tightly pressed together. 

During early stages of the megaga- 
metophyte the ovule undergoes a com- 
plete inversion, resulting in its anatro- 
pous orientation. In the process of an the- 
sis there is a rapid growth of the chalazal 
tissue, and the funiculus becomes sharply 
curved just below the chalaza; as a re- 
sult, the integuments are inverted and 
lie alongside the stalk of the funiculus, 
with the micropyle directed toward the 
placenta. The integuments reach ma- 
turity shortly before anthesis is com- 
pleted. 

Development of the 

MEGAGAMETOPHYTE 

The archesporium differentiates about 
3 or 4 days before the flowers emerge 
from the bud, which is about the time 
that the floral envelope starts turning to 
its white or rose color. The archesporial 
cell (fig. i) forms before the initials of the 
inner integument appear and functions 
directly as the megaspore mother cell. 
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sporial cell is differentiated. Shortly after The megaspore mother cell undergoes 
the archesporium is formed, the inner the first reduction division, resulting in 
integument arises by periclinal cell divi- two homomorphic dyads (fig. 6). Phases 
sion as an annular fold of the epidermis, of this division are seen in figures 1-6 . 
The inner integument develops rapidly, Judging by the few sections found in the 
and, by the time the archesporium is in dyad stage, it may be concluded that this 
synapsis, the outer integument has also stage is very brief . After the first meiotic 
appeared and is considerably elongated, division the micropylar dyad begins to 


Figs. 1-14. — Camera lucida drawings. In figures 1-9 the micropylar end of megagametophyte is toward 
top of page. Fig, i, cross-section of megaspore mother cell, early prophase (950X). Fig. 2, megaspore mother 
cell, synizesis (440X). Figs. 3-5, late prophase, metaphase, and anaphase of heterotypic division (950 X). 
Fig. 6, late stage of dyads. Micropylar dyad beginning to disintegrate (9S0X). Fig. 7, two-nucleate megaga- 
metophyte. Micropylar dyad nearly disintegrated (44oX)- Fig. 8, older two-nucleate stage, nuclei migrating 
to opposite ends of sac (440X). Fig. 9, reconstruction from two sections, four-nucleate stage of megagameto- 
phyte. Micropylar megaspore completely disintegrated (440X). Fig. 10, transverse section of egg cell (950X) . 
Fig. II, orientation of two synergid cells (9S0X). Fig, 12, cross-section through antipodal cells and heavily 
stained nucellar cell walls (9S0X). Fig. 13, disintegrating antipodal cells and heavily stained chalazal nucellar 
cell walls (950 X). Fig. 14, reconstruction from three sections, mature eight-nucleate megagametophyte 
(950X). 
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disorganize, apparently without any 
further nuclear division (figs. 6, 7, 8). 
The chalazal dyad enlarges, forms a new 
achromatic figure, and undergoes a sec- 
ond reduction division, resulting in two 
homomorphic megaspore nuclei which 
migrate to the opposite ends of the cell 
(figs. 7,8). The cell does not form a cross- 
wall. The binucleate megaspore stage 
lasts relatively long. Both of these 
megaspores take part in the formation of 
the embryo sac, thus placing it in the 
bisporic Allium type.’’ The disintegrat- 
ing dyad is still visible at this stage (fig. 
8) , although the residue is rapidly being 
digested and assimilated by the sur- 
rounding cells. 

After the second meiotic division small 
vacuoles begin to appear, and the mega- 
gametophyte enlarges to almost twice its 
original size (fig. 8). Both megaspore 
nuclei now divide again, giving rise to 
the four-nucleate stage (fig. 9), two nu- 
clei being oriented at each end of the cell. 
Following this division, the megaga- 
metophyte becomes increasingly vacuo- 
lated, almost doubling the dimensions of 
the two-nucleate stage (fig. 9) . The cen- 
tral portion of the sac is practically one 
large vacuole. The nuclei at each end of 
the sac are side by side in the same plane 
though not touching each other. The 
micropylar nuclei, however, are not in 
the same plane as the chalazal nuclei. 
Figure 9 is a composite of the two planes. 
The disintegrating dyad has been com- 
pletely absorbed by the time this stage is 
reached. The four-nucleate stage is ap- 
parently of short duration Each of these 
four nuclei undergoes a second mitosis, 
resulting in the formation of an eight- 
nucleate megagame tophyte. For a short 
while it continues to increase in size, pri- 
marily as the result of vacuolization (fig. 
14). 


One nucleus migrates from each end of 
the sac toward the central peripheral 
region, where they approximate each 
other (fig. 14). These polar nuclei are 
about equal in size and chromatic den- 
sity. The three nuclei remaining in the 
micropylar end organize into a group of 
three cells (fig. 14). The egg cell is much 
larger than the synergids and is pear 
shaped. The synergid cells (figs, ii, 14) 
are about equal in size and density and 
lie behind the egg. One of the synergids 
seems to disintegrate shortly before fer- 
tilization. 

The antipodals organize into cells and 
form a rather loose mass in the chalazal 
region (fig. 14). In some cases they are 
about equal in size and density and may 
persist throughout the maturation of the 
megagame tophyte (fig. 1 2), but more fre- 
quently they are very small (fig. 13) or 
may even be absent. 

After the orientation of the nuclei the 
megagametophyte grows rapidly to its 
mature size (fig. 14). Cytoplasmic vacuo- 
lation causes most of the cytoplasm to be 
massed at the micropylar end around the 
egg and synergids. A smaller amount of 
dense cytoplasm is gathered around the 
polar nuclei, and a still smaller amount 
lies at the chalazal end surrounding the 
antipodals (fig. 14). Small vacuoles are 
often found between the antipodals and 
the end of the sac (figs. 12, 13). 

The mature megagametophytes ex- 
amined were about 198 /x in length and 
98 in width, being narrow and more 
pointed at the chalazal end of the sac. 
The antipodal region of the protoplasm 
is wedged as a small pocket into the sur- 
rounding tissue (fig. 13). The megaga- 
metophyte is mature about 6™i 2 hours 
after the opening of the flower, and fer- 
tilization occurs within 3 days after the 
flower bud opens. 
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Chromosomes. — The number of chro- 
mosomes in the megagametophyte was 
determined as eight (fig. 4). 

Nucellus 

The nu cellar cells adjacent to the 
megagametophyte are somewhat differ- 
ent from the others. As the archesporium 
differentiates, the inner nucellar cells di- 
vide periclinally, forming a distinct 
layer, the walls of which thicken as the 
megagametophyte develops. As the meg- 
agametophyte reaches maturity and its 
nuclei become oriented, the walls of the 
surrounding cells attain their greatest 
thickness at the chalazal and micropylar 
ends. The cells immediately surrounding 
the chalazal end of the megagametophyte 
are distinctly larger, thicker walled, and 
differently shaped than the other nucel- 
lar cells. They are long, blunt at one end, 
and taper toward the megagametophyte, 
which seems to be wedged into these cells 
(figs. 12, 13, 14). The antipodals are gen- 
erally oriented in such a way as to be 
harbored under the pointed ends of these 
projecting cells (figs. 13, 14). The inner 
walls of the nucellar cells surrounding 
the micropylar end of the megagameto- 
phyte- are also unusually thick and of 
characteristic shape (figs. 10, 14). The 
walls of the nucellar cells along the rest of 
the megagametophyte are also slightly 
thicker than usual (fig. 14). The wall 
thickening of the nucellar cells surround- 
ing the megamametophyte is noticeably 
diminished after fertilization. 

Discussion 

Although a number of variations have 
been reported in the development of the 
megagametophyte of several species of 
Allium, t\ih investigation shows that 
A. cernuum follows the characteristic 
hi^Y>^ric Allium type (formerly called the 


“Scilla type”) as first described by 
Strasgurger (34) for A. fistulosum. 
This investigation shows, moreover, that 
the chalazal dyad undergoes three suc- 
cessive divisions to form the eight- 
nucleate megagametophyte, whereas the 
micropylar dyad disintegrates without 
further division. Schhrhoff (33), Mo- 
dilewski (23, 24), and Jones and 
Emsweller (16) made similar observa- 
tions in other species of Allium. Weber 
(37) noted that the megagametophyte 
frequently originated from the micro- 
pylar dyad in many of the species that 
she investigated. Messeri (22) observed 
that a large number of the megagameto- 
phytes belonged to the monomegasporal 
type. Porter (28), in a recent descrip- 
tion of A. mutabile Michx., stated that 
the chalazal dyad undergoes another di- 
vision on forming two megaspores of 
which the chalazal one functions. This 
would place the megagametophyte of 
A. mutabile in the normal monosporic 
type. In the present investigation par- 
ticular attention was focused on A . cer- 
nuum for evidence of a similar occurence, 
but no such observation was made. The 
evidence of Porter and of Messeri 
seems incomplete and demands a thor- 
ough reinvestigation. 

Many megagametophytes included 
under the Allium type are reported to 
have less than the usual eight nuclei. 
Messeri considered it sufficiently com- 
mon in the several species she studied to 
establish a “seven-nucleate” Allium 
type. The limitation occurs in the chala- 
zal end of the megagametophyte after 
the four-nucleate stage. No such obser- 
vation was made in this investigation, 
and in every case the megagametophy te 
contained the typical eight nuclei. The 
“egglike” antipodal cells observed by 
Messeri in A. subhirsutum and > 1 . 
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schoenoprasum, and by Modilewski in 
■A . nigrum, were not found in A . cernuum. 
On the contrary, this investigation con- 
firms the report of Elmore (io) that the 
mature gametophyte shows a more or 
less marked reduction of the antipodal 
apparatus and, in many cases, even a 
complete loss of antipodals. 

There are two synergids in A. cernu- 
um. They are about equal in size and 
density in contrast with the one large 
and one small synergid observed by 
Jones and Emsweller in A. cepa, or 
with only the one synergid observed by 
Porter in A. mutabile Michx. A ^^fila- 
mentous apparatus’’ in the synergids, as 
reported by Messeri, was not observed 
in A . cernuum, nor was one of the syner- 
gids hypertrophied, as found in ^ . cepa 
(i6). One of the synergids, however, 
showed rapid disintegration just prior to 
fertilization. The statement of Porter 
that the egg and synergid are sister cells 
and that the polar nuclei are also sister 
cells finds no confirmation in this study. 
However, the thick-walled cells of the 
inner nucellus, as reported in mutabile 
Michx. (28), are characteristic of A. 
cernuum. 

The author was interested in the the- 
ory that a species of Allium might pos- 
sibly belong to the Fritillaria type as 
described by B ambacioni and by Cooper 
for many species of Lilium. Allium 
cernuum does not, however, deviate from 
the m\xdl Allium type. 

A comparative study of megagameto- 
phy te development in other genera of the 
Allium type offers an interesting varia- 
tion. Heatly (13), in Trillium cernuum, 
McAllister (20) , in Streptopus roseus, 
and McKenney (21), in S cilia hyacin- 
thoides var. caerules and S. campanulata 
found that the embryo sac develops from 
the micropylar dyad. Svensson (35) ob- 
served that the micropylar dyad starts 


to divide in Lycopsis arvensis but degen- 
erates before the division is completed. 
In S. nonscripta, as described by Hoare 
(14), the micropylar dyad functions and 
the chalazal dyad disintegrates, although 
it first undergoes a division forming an 
^^antigone” consisting of four nuclei. The 
Alismaceae, as reported by Johri (15) 
and by Dahlgren (8, 9), show a reduc- 
tion in the chalazal part of the embryo 
sac, which is commonly six-nucleate. The 
nuclei divide normally up to the four- 
nucleate stage, after which the chalazal 
pair remain undivided and the niicro- 
pylar pair divide once again. 

Instead of the three divisions usually 
found in the Allium type, Magnus (17) 
observed only two divisions from the 
chalazal megaspore of Podostemon subu- 
latus. Subsequent studies by Hammond 
(12), Went (38, 39, 40), and Mahesh- 
WARi (19) question the existence of a 
Podostemon type. Schnarf (32) likewise 
questions the megagametophyte de- 
scribed by Magnus in Dicraea elongata, 
in which he reported one division of the 
micropylar dyad, forming the egg and 
one synergid, and one anticlinal division 
of the chalazal dyad, forming two anti- 
podal cells. Magnus stated that no polar 
nucleus exists and that consequently 
double fertilization is impossible. 

Pace (26), describing Cypripedium 
spectabile, C. parviflorum, C. puhescens, 
and C.candidum, found that the megaga- 
metophyte was derived from the chalazal 
dyad. She further observed a four- 
nucleate megagametophyte resulting 
from two divisions with a pair of nuclei 
at each end of the embryo sac. The 
micropylar nuclei form the two synergids 
and the two chalazal nuclei form the egg 
and a single polar nucleus. At the time of 
fertilization one of the synergid nuclei 
takes part in triple fusion. Palm (27) es- 
tablished the ^^Cypripedium on the 
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basis of Pace’s investigation. Rutgers 
(30), in a criticism based primarily upon 
certain figures in Pace’s work, pointed 
out several weaknesses of the Cypripe- 
dium type. Recent publications by 
Prosina (29), investigating C. guttatum^ 
and Carlson (4), in her study of C. 
parvifloruMj show that the development 
of the megagametophyte is bisporic and 
of the usual Allium type, with imperfect 
development at the chalazal end so that 
there are usually only five or six nuclei in 
the embryo sac. Maheshwari (18), in a 
review of the types of embryo sacs in 
angiosperms, included a complete list of 
the investigations on many other genera 
of the Allium type. 

Summary 

I. The megasporangium of Allium 
cernuum is essentially like that of Lilium. 


2. The archesporium arises directly 
from a hypodermal cell about 3 or 4 days 
before the flowers emerge from the bud. 

3. The megagametophyte is formed 
from the chalazal dyad. The micropylar 
dyad disintegrates without further divi- 
sion. 

4. The chalazal dyad undergoes three 
divisions, resulting in an eight-nucleate 
megagametophyte . 

5. The mature megagametophyte con- 
sists of a large vacuolated egg, two 
smaller synergids — one of which usually 
disintegrates before fertilization — two 
polar nuclei of equal size, and three 
antipodal cells which may or may not 
persist. 

6. The haploid number of chromosomes 
in A. cernuum is eight. 

De Paul University 
Chicago, Illinois 
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BXOWER-BUD FORMATION AND DEVELOPMENT 
IN MANGIFERA INDICA^ 

MARGARET J. MUSTARD AND S. J. LYNCH 


Introduction 

Most of the better varieties of msin- 
goes {Mangif era indica L.) fail to pro- 
duce good crops every year. In attempts 
to overcome this problem, various cul- 
tural treatments aimed at inducing 
flower formation have been employed 
(i, 3 j Sen and Mallik (6) recently 
determined the time of flower-bud dif- 
ferentiation for one variety of Indian- 
grown mango, the Langra, and empha- 
sized the importance of this knowledge 

^ This investigation was conducted by the au- 
thors while both were employed by the University 
of Florida at the Sub-Tropical Experiment Station 
at Homestead, Florida. 


in connection with the problem of irregu- 
lar bearing. Sen (7) has utilized this in- 
formation in preparing a “tentative cul- 
tural schedule” as an aid to the more 
regular production of these fruits. 

The present investigation was under- 
taken to determine the time of flower- 
bud differentiation and to study the sub- 
sequent floral development in some 
varieties of mangoes grown in southern 
Florida. 

Material and methods 
Collections of material were made for 
two consecutive years from trees of 
Haden, Brooks, and Cambodiana varie- 
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ties and a turpentine seedling mango. 
These four trees are located on soil of the 
Rockdale series in southern Dade Coun- 
ty. Although different parts of the same 
tree were not always at the same stage 
of development, an effort was made to 
select buds which seemed to be represen- 
tative of the average stage on each date. 
Collections were started the first year, 
on September 10, 1943, and were con- 
tinued at 2-week intervals thereafter un- 
til each tree came into bloom. The fol- 
lowing year the first collections were 
made on September 23 and were con- 
tinued over a similar period. 

The buds were fixed in F.A.A., de- 
hydrated in tertiary butyl alcohol, and 
imbedded in paraffin. Before sectioning, 
the imbedded material was softened for 
1-2 weeks in an alcohol-glycerin mix- 
ture. Sections were made at 10 /x. 
Safranin and fast green were used in 
staining the mounted serial sections. 

Observations 

A mature mango inflorescence con- 
sists of a main axis and a number of pro- 
fusely branched secondary axes (fig. 6). 
Each secondary axis, the ramifications 
of such axes, and the pedicels are sub- 
tended by bracts. An individual in- 
florescence may bear as many as four 
thousand flowers (3), of which the ratio 
of bisexual to staminate varies with the 
variety, the bisexual flowers usually be- 
ing in a decided minority. 

Prior to floral differentiation a mango 
bud consists of a cone of meristematic 
tissue surrounded by the outer bud scales 
(fig. i) . The inner bud scales project as 
finger-like protuberances from the sur- 
face of this cone of tissue. The earliest 
indication of floral development (6) is the 
appearance of mounds of meristematic 
tissue in the axils of these inner bud scales 
or bracts (fig. 2) . Meristematic areas in 


the axils of the more proximal bud 
scales are usually the first to begin floral 
differentiation. As the season progresses 
and such growing points enlarge, it be- 
comes obvious that each is the pri- 
mordium of a secondary axis (fig. 3). 
Soon these secondary axes give rise to 
outgrowths of tissue (fig. 4) which prove 
to be bracts, in the axils of which other 
small mounds of meristematic tissue de- 
velop. These and subsequently differ- 
entiated growing-points may follow 
either of two courses of development: 
(i) they may differentiate into additional 
axes, thus continuing the ramification of 
the inflorescence; or (2), they may dif- 
ferentiate into floral primordia (fig. 5). 
If such a mound of tissue differentiates 
into another axis, the process is repeated 
until a growing-point is formed which 
differentiates into a flower primordium. 
It appears that the position of such 
growing-points on the inflorescence 
governs to some extent their future 
course of development, since the great- 
est degree of ramification occurs in the 
proximal portions of the lower secondary 
axes. 

In order to record these progressive 
stages of floral development as they were 
observed in the sectioned material, a 
method was employed similar to that de- 
scribed by Sell and his co-workers (5) . 
The numerical ratings of i through 5 
were assigned to each of the progressive 
stages of development shown in figures 
1-5. Using these figures as a basis, it was 
possible to determine and record nu- 
merically the approximate stage of de- 
velopment of an individual bud. Figures 
for the average stage of development 
presented in table i were obtained by 
multiplying the number of buds found to 
be at each of these stages by the assigned 
numerical rating, adding the products, 
and dividing this figure by the total num- 




Figs, i 5. Longitudinal sections of mango buds. Fig. i, prior to differentiation. Fig. 2, verv earlv stage 
of floral differentiation, small protrusion in axil of bud scale appearing at lower right. Fig. 3, slightly more ad- 
vanced stage, enlarged axillary protrusions or primordia of secondary axes. Fig. 4, early differentiation of 
bracts on a secondary axis. Fig. 5, arrangement of individual flower parts of hermaphroditic flower. 
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ber of buds collected on that date. Thus, 
for example, of the five Haden buds col- 
lected on 9/10/43, one was found to be 
at stage i (fig. i) and four at stage 2 
(fig. 2); therefore, the average stage of 
floral development on that date was 
1.8. 

It is evident from table i that floral 
differentiation began slightly earlier in 
the Haden, Cambodiana, and Brooks in 
1943 than in 1944; whereas in the tur- 
pentine seedling it seems to have oc- 
curred at approximately the same time 
both years. Such variation is to be ex- 
pected, however, since the time of initia- 
tion of floral differentiation is depend- 
ent upon a combination of environmen- 
tal factors and tree condition. These re- 
sults indicate that by the end of October 
of both years the majority of the termi- 
nal buds studied had shown signs of floral 
differentiation. Between the time of 
flower-bud differentiation and that of 
infl.orescence expansion, development 
seems to have progressed without a 
period of dormancy such as is common 
among the deciduous fruit trees of the 
North Temperate Zone. 



TABLE 1 

Average stage of floral development of terminal mango buds. Individual 

BUDS NUMERICAIXy RATED BY COMPARISON WITH FIGURES 1-5 


Variety 

Average stage of development 


9/10/4.3 

9/25/43 

10/9/43 

r 0/23/ 43 

11/6/43 

11/18/43 

12/4/43 

12/1S/43 

12/31/43 

Haden. ......... . 

1.8 

1.8 

1-3 

1 .0 

2.0 

I.O 

2.0 

2.0 

2.0 

Cambodiana. . . . . . 

2.0 

2.0 

2.0 

1 .5 

2.5 

2.7 




Brooks 

1.3 

2.0 

2.0 

2.0 

2.3 

2 . 2 


K.O 


Turpentine. . . . . . . 

I . s 

2.0 

1.5 

1.7 

3-5 

3.0 

0 ' 0 















9/23/44 

10/7/44 i 

10/20/44 

I 1/4/ 44 

1 1/17/ 44 

12/1/44 

12/13/44 

12/30/44 

Haden. .......... 


1. 0 

1 .0 

1 .0 


2.0 

2 . 0 

2 . 7 

A 0 

Cambodiana. . . . . . 


1 . 0 

1 . 7 

1.7 

I. 

2.0 

1 .0 


14. • w 

Brooks. ....... . . . 


1 .0 

1 .0 

2.0 

0 

1 . 7 

2.0 

2 . 0 

0 • 0 


Turpentine 


t-s 

T.S 

2.0 

2.7 

3.0 

4.0 

2.0 
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These observations on the time of 
floral differentiation agree closely with 
those made by Sen and Mallik. These 
authors found that it occurs shortly 
after the end of September in the Langra 
mango grown in India. Sturrock (9) 
previously estimated the time of floral 
differentiation as occurring in October 
or early November in some varieties of 
Florida-grown mangoes. His collections 
were too late in the season to determine 
the early stages of differentiation. Reece 
(4) observed a similar lack of dormancy 
between the time of floral differentiation 


and maturation of flowers in Florida- 
grown avocados. 

Summary 

1. Floral differentiation occurred 
shortly before the end of October in the 
four varieties of mangoes studied. 

2. No period of dormancy occurred 
between the time of floral differentiation 
and that of inflorescence expansion. 

Chemistry Department 
University op Miami 
Coral Gables, Florida 

AND 

Florida Lime and Avocado Gro wers 
Princeton, Florida 
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Pure Cultures of Algae: Their Preparation and 

Maintenance. By E. G. Pringsheim. Cambridge: 

At the University Press; New York: Macmillan 

Co., 1946. Pp. xii+119. $1.75. 

For more than a quarter of a century Pringsheim 
has been the leader in study of algae by pure culture 
methods. The extensive series of algae which he has 
isolated include many differing markedly in their 
growth requirements when grown in vitro. In his 
Pure Cultures of Algae he passes along the benefit 
of his long experience in this field of botanical in- 
vestigation. His book is not a laboratory manual of 
the ‘‘cookbook” type but is a connected and inte- 
grated running account of how to obtain cultures of 
algae. The reviewer recommends that the person 
wishing to learn about methods of cultivating 
algae should begin by reading this small book from 
cover to cover. By doing this, one gets the concen- 
trated essence of Pringsheim’ s long experience and 
thus avoids many pitfalls that would otherwise be 
encountered the hard way. 

The author points out the great advantage of 
preparatory cultures in which one attempts to gain 
an insight into the conditions suitable for the exist- 
ence and multiplication of particular algae. Enrich- 
ment (selective) cultures are especially valuable for 
this purpose, since, by varying the composition of 
the medium, pH, temperature, and other environ- 
mental factors, growth of certain algae in the inocu- 
lum is favored, while growth of other algae is 
checked. Following the chapter on preparatory cul- 
tures there are chapters on media, on methods of 
plating, on isolation by means of micropipettes, and 
on the maintenance of cultures. The concluding 
chapter deals with the general conditions essential 
for growth of members of each of the larger taxo- 
nomic groups of algae, 

There are some books in which one copy in the 
departmental library is sufficient. Here is one in 
which this is not the case; every man who has use 
for it will want a copy in his personal library. — 
Gilbert M. Smith. 


Chromosome Allas of Cultivated Plants. By C. D. 
Darlington and E. K. Janaki Ammal. London: 
Allen & Unwin, Ltd.; New York: Macmillan Co., 
1945. Pp. 397. $2.75. 


The chromosome numbers of some ten thousand 
species of the most useful plants and of their wild 
relatives and ancestors have been assembled in this 
world list. 

In an introduction, consisting of three parts, 
Part I deals with the origin of cultivated plants 
as to {a) the foundations as determined especially by 
VON Humboldt, De Candolle, Darwin, and 
Mendel; (Jb) the centers of origin according to Vavi- 
lov; (c) evolution by cultivation; and {d) the in- 
vention of plant breeding. Part II introduces the 
chromosomes, and Part III covers the use and mean- 
ing of chromosome numbers. 

Next is given an explanation of the catalogue. 
The families of angiosperms follow the order and 
bear the numbers of Hutchinson’s Families of 
Flowering Plants, with 233 of the 332 families repre- 
sented. Two exceptions to this order are noted. Be- 
cause of their chromosome affinities, the tribes 
Allieae and Agapantheae have been retained in the 
heterogeneous Liliaceae and the Nolanaceae have 
been kept separate from the Convolvulaceae, The 
families of gymnosperms, taken from Engler and 
Gilg’s Syllabus der Pflanzenfamilien, follow the 
author’s own order, while the tribes of Pinaceae fol- 
low Hutchinson’s unpublished classification. Five 
columns are employed in the catalogue. The* first 
column is used for the generic and specific names of 
some two thousand genera with more than eleven 
thousand species listed. The second column gives 
the popular names, the third the chromosome num- 
bers, the fourth the author from whose paper the 
numbers are reported, and the fifth column the uses 
to which the plants are put. The catalogue, covering 
about 309 pages, comes next, followed by a bibliog- 
raphy and by an index to the families and genera. 

No attempt is made to cite all the literature deal- 
ing with chromosome numbers. Where two accounts 
differ in number for the same species, both are 
quoted, apart from certain ancient errors; but, where 
accounts agree, the last important reference only is 
quoted, since from this the earlier counts can usually 
be obtained. 

The book is an important contribution and Will 
be highly valuable for teachers and investigators in 
all phases of economic plant production. — J. M. 
Beal. 
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VARIATION IN ECOTYPES OF POA PRATENSIS^ 

D. C. SMITH/ E. L. NIELSEN/ AND H. L. AHLGREN^ 


Introduction 

The existence of apomictic seed de- 
velopment appears to be a fact well es- 
tablished for Foa pratensis L. Though 
apomixis is the usual form of reproduc- 
tion, many plants may produce seed fre- 
quently following amphimixis. The spe- 
cies is highly polymorphic, and extensive 
investigations have been made to deter- 
mine the extent and nature of the varia- 
bility. The possibilities of selection of su- 
perior plants and of their subsequent 
propagation as improved strains have 
been recognized. Commercial seed of 
Kentucky bluegrass is heterogeneous, 
and progenies from it may give a wide 
complex of plant types. The method of 
harvesting commercial seed and the pos- 
sible selection for seed production char- 
acters rather than for vegetative vigor 
may be accompanied by a diminished 
pasture value. In most areas of the 
Northeastern and North Central states, 
however, the species is now sufficiently 
prevalent to be considered as naturalized, 

^ Contribution no. 204 from the Department of 
Agronomy, University of Wisconsin, Madison, 
Whs., in co-operation with the Division of Forage 
Crops and Diseases, Bureau of Plant Industry, 
Soils and Agricultural Engineering, U.S. Depart- 
ment of Agriculture. Published by permission of the 
Director of the Wisconsin Agricultural Experiment 
Station. 

-V Professor of Agronomy, Wisconsin Agricultur- 
al Experiment Station; 3 Associate Agronomist, 
Division of Forage Crops and Diseases, Bureau of 
Plant Industry, Soils and Agricultural Engineering, 
U.S. Department of Agriculture. The writers are 
indebted to the Statistical Laboratory of the Wis- 
consin Experiment Station for aid in the statistical 
calculations and to R. J. Muckenhirn for counsel 
regarding the soil classifications utilized. 


and it is seldom seeded for pasture pur- 
poses. 

Breeding investigations with Ken- 
tucky bluegrass were begun at the Wis- 
consin Experiment Station in 1936. The 
principal objectives have been (a) the 
isolation and testing of superior biotypes 
for pasture and turf purposes, (&) the 
testing of the breeding behavior of such 
biotypes, and (c) the determination of 
the nature of variation in the species. 

The present paper presents the results 
of studies of variation in several char- 
acters. A large number of seeded pan- 
icles for use in progeny studies was col- 
lected in Wisconsin and other states 
where the grass is relatively common. 

Review of literature 

Brittingham (4) has comprehensive- 
ly reviewed and discussed the earlier 
literature. Several workers have studied 
apomixis, but not all have presented re- 
sults of progeny tests. Akerberg ( i) found 
that various selected families segregated 
from 5.9 to 13.4% sexual (aberrant) 
plants. Thirty-seven of forty-four native 
collections from Sweden, Germany, and 
Norway were “practically” constant 
morphologically, the remaining seven 
each showing great variation. Akerberg 
(2) also studied families from collections 
made in Sweden, Norway, Finland, Den- 
mark, Germany, and England. Five to 
ten plants of each family were grown. 
Seventy-nine families averaged 3.9% 
aberrant. Within each of nine families no 
two plants were alike, while each of five 
families was essentially homogeneous. 
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Tinney and Aamodt (14) investi- 
gated 102 progenies numbering 21 to 243 
plants each — a total of 11,696 plants. 
The strains were of domestic and foreign 
origin as follows: 

Wisconsin, 31 
Virginia, i 
Missouri, 2 
Ottawa, Canada, 34 
Guelph, Canada, 21 
Norway, 2 

The average percentage of aberrants for 
all progenies was 1.6, with values rang- 
ing from o to 21.9%. Forty-eight proge- 
nies appeared to be uniform. The thirty- 
one Wisconsin collections averaged 
1.65% aberrant, while the fourteen other 
nonuniform progenies averaged 3.65% 
aberrant. 

Brown (6) found that progenies of 
six lots of selected plants produced 0.09- 
18.18% aberrant types. Five others were 
apparently uniform. Fifty-five to 133 
plants of each lot were grown. 

Brittingham (4) observed an average 
of 14.8% aberrants in 115 progenies — ap- 
proximately 10,000 individuals- — result- 
ing from open pollination. Four of the 
IIS progenies showed complete uniform- 
ity; one had the maximum of 90.5% 
aberrants. This material originated from 
permanent pastures, commercial seed 
lots, numbered experiment-station 
strains, and foreign-plant introductions. 

Edgecombe (8) studied twenty-nine 
progenies of P. pratensis; all but one 
were considered to be uniform or nearly 
so. Musgrave (i i) concluded that about 
90% of all types of P. pratensis observed 
reproduced seed apomictically. 

Brown (5) gave a brief summary of 
the taxonomic status of P. pratensis^ in- 
dicating that, since 18 ii, eleven classi- 
fications by systematists had established 
from five to twenty-two subdivisions of 
the species. He considered P. pratensis to 


be composed of two primary groups as 
based upon general morphological fea- 
tures. 

Tinney and Aamodt (14) concluded 
that the intensity of grazing and other 
ecological factors, including locality of 
origin, showed little effect upon the se- 
lection of particular morphological types. 
Wellhausen and Weibel (is) reported 
that plants from populations in “pas- 
tures which had been maintained in a 
good stage of productivity over a long 
period of years” were generally more pro- 
ductive and much more resistant to leaf 
rust and mildew than comparable plants 
from pastures on areas of low fertility, 
particularly in relation to calcium and 
phosphorus. Plants from both types of 
pastures were compared under the same 
conditions. 

Akerberg (2) concluded that general- 
ly the form complexes of Eu-pratensis 
did not seem to be confined to any par- 
ticular locality. The form complexes irri~ 
gala, angiistifolia, and alpigena, however, 
were thought to occur in somewhat dif- 
ferent habitats. The En-pratensis forms 
were observed to be highly variable and 
widely scattered, the others, including 
alpigena, being less so. Differences were 
not entirely clear, however. 

Classification of progeny plants as to 
agreement in type with the parent form 
has been based upon relative morpho- 
logic similarity at an}^ period of the 
growing season. Myers (12) has pointed 
out that classification upon this basis 
may be uncertain, since many apparent- 
ly normal plants produce progenies of 
varying character and may, therefore, be 
considered to be aberrant. Similar re- 
sults were reported by Smith and Niee- 
sen (13). Brittingham (4) has suggested 
that increased mortality in sexual types 
should also be considered in relation to 
variation. Flowever, when certain obvi- 


Sweden, 6 
Denmark, i 
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India, i 
Russia, 2 
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ous limitations of the criteria used are 
recognized, the percentage of aberrant 
(sexual) plants in a progeny has been 
generally accepted as an accurate index 
of the extent of sexual reproduction. 

Brittingham (4) noted no significant 
differences to exist in percentages of aber- 
rant frequency when comparing collec- 
tions from different sources. Variability 


was lost, this accounting for the lack of 
progenies from those states. 

In making the collections no discrimi- 
nation was shown as to location. Panicles 
were obtained from roadsides, fence 
rows, undergrazed and overgrazed pas- 
tures, and waste land. Some selection 
may have occurred, since only relatively 
well-developed panicles containing aver- 



Fi ). 1. —Distribution of 1941 collections of Poa pratensis in the United States. Dotted lines indicate 
general regional boundaries. 


was somewhat lower, however, in many 
progenies of plants grown from commer- 
cial seed. 

Material and methods 

Progenies from a total of 800 collec- 
tions from twenty-seven states were 
studied in the seasons 1941-44; these in- 
cluded 541 from Wisconsin. The dis- 
tribution of the collections in the United 
States for 1941 is show^ in figure i and 
that for Wisconsin in figure 2. The writ- 
ers are indebted to a number of local in- 
vestigators for many of the collections 
from other states. Unfortunately, most 
of the material from Illinois and Indiana 


age or larger amounts of seeds were tak- 
en. Otherwise, relative culm height, tex- 
ture, vigor, and other characters were 
ignored. 

Progenies were grown from single 
panicles in a method similar to that de- 
scribed by Tinney and Aamodt (14) . In- 
dividual lots of seed were sown in 
steamed soil in small bread pans. Excep- 
tions to the procedure were necessary 
when commercial lots, bulk strains, or 
foreign-plant introductions were includ- 
ed. Such strains have been propagated as 
composite lots and do not represent 
single plants. When seedlings were 2-3 
inches tail, the sixteen to twenty-four 
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plants taken from each lot were re-estab- eny rows were 42 inches distant, and the 
lished individually in small plant bands plants were spaced 2 feet apart in the 
containing unsterilized soil. Subsequent- rows. 

ly the seedlings were transplanted into Observations were made upon rela- 
the field in early May, as progenies of the tive vigor, uniformity, and disease reac- 
original panicles. Figures 3 and 4 illus- tion during late September of the first 
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Fig. 2.— Distribution of 541 collections of Poa pratensis in Wisconsin, 1940-1943 


trate the method of culture and the gen- 
eral appearance of progenies in early 
summer of the second year following es- 
tablishment. Observations were made of 
the vigor and relative numbers of seed- 
lings produced from each panicle, though 
these characters will not be considered in 
this presentation. The plants were usual- 
ly vigorous, with percentage of survival 
very high each year. In the fields, prog- 


year. Plants not corresponding to the 
principal type of the progeny (aberrants) 
were noted, although first season’s 
growth is not typical of that in later 
years. Detailed notes were taken peri- 
odically in the second season for a num- 
ber of characters. These included uni- 
formity, early (spring) vigor, early 
growth habit, aggressiveness, leafiness, 
leaf width, leaf length, foliage color, num- 
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ber and size of culms, plant height, earli- 
ness of seed maturity, reaction to dis- 
eases, and late (fall) vigor. Not all these 
characters will.be considered in the pres- 
ent paper, though they were of use in de- 
termining the percentages of aberrant 
types. Data on early vigor were secured 
in 1943 only and represent only a part 
of the progenies. 

The following tabulation summarizes 
the notes obtained concerning the mor- 
phological characters analyzed. Differ- 
ences were indicated by the assignment 


the diseases studied, and the former 

author verified the identification of the ^ 

causal organisms in subsequent years. 

Results 

Aberrant frequency ' . j 

United States. — The breeding be- i 

havior of the 800 collections from differ- ‘ 

ent regions of the northern United States 
i§ shown in table i. The large number of 
collections for the Central Lowland in- 
cludes the Wisconsin lots later consid- f 


TABLE 1 

Breeding behavior of Poa pratensis lots collected in different regions 
OF THE United States when grown at Madison, Wisconsin 



Region 


No. OF 
COLLEC- 
TIONS 


Segregating 


No. 


AV. % ABERR^INTS 
BASED UPON — 


Total 


Seg. 


Max. % 

ABER- 

RANTS 


Northeastern 

Central Lowland 

East Central 

Northern Plains. . . . . . 

Central Plains 

Rocky Mountains . . . . 
Northern Great Basin 
North Pacific 


35 

577 

13 

35 

45 

70 

9 

16 


88.6 

73-3 

84. 6 

68.6 

86.7 
91.4 

77.7 

43.8 


26. 2 
14.9 
24. 1 

11.7 

17.0 

16.0 
9.1 

14.7 


29.6 

20.4 

28.5 
17. 1 

19.6 
17-5 
II. 7 
33-6 


60.0 

ICO.O 

75-0 

56.0 
44. c 

61.0 

31.0 

38.0 


of number values representing the rela- 
tive development of these characters 
among plants and progenies. These num- 
ber values are employed in several of the 
tables. 

Early vigor. Lowest number most vigorous. 

Growth habit. This character is based upon 
the general profile form of the plant and is 
somewhat related to aggressiveness: i, pros- 
trate; 2, near prostrate; 3, semiprostrate; 4, 
near-tussock; 5, tussock. 

Aggressiveness, Lowest number most ag- 
gressive. 

Leafiness. Lowest number most leafy. 

Maturity. E, early; M, medium; L, late. 

Late vigor. Lowest number most vigorous. 

Allison and Chamberlain (3) re- 
ported the occurrence on bluegrass of 


ered separately. The classification into 
physiographic regions is a modification 
of that of Fenneman'Xq). 

Of the total number of collections, 606 
(75*8%) produced segregating progenies. 
No attempt was made to subject the re- 
gional data to a rigid statistical analysis. 
The chi-square test indicated a close re- 
lation between the number of collections 
from each region and the number segre- 
gating, the average percentage reproduc- 
ing apomictically being, therefore, rea- 
sonably similar in the several regions. 
The data for the North Pacific region 
may be an exception. Strains from the 
Rocky Mountain area were highest in 
the frequency of aberrants; those from 
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the Northeastern, Central Plains, and test indicated that variances for the sev 
East Central sections were the most c'tv, • >- loi tne sev- 

il.r in this respect !?, ”'>* ,l>°'"'>8™oi.s and 

ty„« be“L“d“o°„ S““ 

ing only tLs^SirLtlophTlt ^1be3t percentage 

KS=.-,=E'sr; 


TABLE 2 

breeding behavior of POA PRATENSIS LOTS COLLECTED FROM 
different son, types in Wisconsin 


Soil areas 


Knox* (silt loams and loams) 

Miami and Carringtonf (silt loams and loams) 07 
Miami and Carrington t (sands and sandy loams) i -2 
Superiors (clays and clay loams; northern area) 30 
Sand^T ^ ^ southern area) . 37 

Spencer ^ 

Kennan** (silt loams and loams) % 

Kennanft (sands and sandy loams) ! .’ ' ! ! 12 

Wetiand!.'.’.’.';;' ■; g 


Segregating 

1 Av. % aberrants 




BASED ■ 

UPON — 

Max. % 

No. 




RANTS 

% 

Total 

Seg. 


8S 

65 

12 

18 

100 

72 

74 

18 

24 

100 

9 

26 

69 

67 

19 

II 

13 

17 

<53 

75 

30 

81 

^5 

18 

to 

68 

27 

67 

66 

10 

12 

15 

18 

0^ 

57 

67 

40 

71 

12 

16 

67 

10 

83 

13 

16 

SO 

I 

20 

5 

6 

25 

4 

50 

I 

30 

6 


o-j-cLtc, x/uouque, uaie, lama, and 


(1 Superior and Kewaunee series. 

U Coloma, Plainfield, and Boone series. 

** Includes Kennan, Milaca, Cloquet, and Iron River series, 
tf Includes Vilas, Omega, and Hiawatha series. 


ages are based upon certain morphologi- 
cal deviations in type, those classified as 
questionable not being included. The 
latter amounted to approximately 13.6% 
of the values given. It appears, there- 
fore, that the percentages may be con- 
sidered conservative. Significant differ- 
ences appear to exist among the average 
percentages of aberrants in strains from 
the different regions. Progenies from the 
North Pacific, Northeastern, and East 
Central areas were generally higher in 
frequency of aberrants. Although such 
differences may be real, the chi-square 


Wisconsin.— An analysis is given in 
table 2 of the percentages of collections 
producing aberrant types and of the 
average percentages of aberrants for dif- 
ferent soil- type groups in Wisconsin. The 
classification of soil areas is general and 
follows that of Whitson (16). This classi- 
fication is broad and regional rather than 
specific, as the individual soil types of 
the sites at which panicles were collected 
were not identified. The chi-square test 
resulted in a very high p value, indicat- 
ing that relative numbers of progenies 
segregating were similar for the various 
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soil areas. The data suggest that collec- 
tions from peat soil and other wet land 
are less likely to produce aberrant types 
than are those from other soil areas, al- 
though the number of samples is very 
small. It is problematical whether differ- 
ences occurring among collections from 
other soil areas are significant. The high- 
est percentage of segregating collections 
is shown for Kennan sands and sandy 
loams; the next highest is for Superior 
clays and clay loam (southern area). 

A chi-square test of the variances for 
the percentages of segregation within 


exists in maximum percentage of aber- 
rants among soils of different classes. 
Maxima tend to be higher where larger 
numbers of collections were available, 
but the data for sandy soils are somewhat 
divergent from this tendency. It would 
seem that the ultimate maxima for any 
soil areas might be similar but that the 
frequency of such maxima might, for 
various reasons, be considerably dif- 
ferent. 

Table 3 contains data with the collec- 
tions classified according to the length 
of the growing season where they were 


TABLE 3 


Breeding behavior of Poa pratensis lots collected in Wisconsin 

AND CLASSIFIED ACCORDING TO LENGTH OF GROWING SEASON 


Class 

Av. growing 

SEASON 

(days) 

No. OF 

COLLEC- 

TIONS 

Segregating 

Av. % ABERRiVNTS 
BASED UPON — 

Max. % 

ABER- 

R. 4 NTS 

No. 

% 

Total 

Seg. 

I 

90-100 

3 

3 

100 

39 

39 1 

S 3 

2 

lOO-IIO 

14 

10 

71 1 

8 

II 

SO 



II 0 -I 20 

61 

42 

69 

9 

13 

77 

4 

1 20-130 

104 

68 

65 

II 

16 

75 

5 

130-140 

47 

31 

66 

9 

14 

50 

6 

I40-I50 

137 

97 

71 

16 

23 

80 

7 

150-160 i 

120 

81 

68 

12 

18 

100 

8 

160-170 

36 

25 

69 

14 

20 

56 

9 

170-180 

22 

16 

73 

17 

23 

100 


progenies from the several soil classes 
showed that the error was heterogeneous. 
Removal of several selected groups from 
the analysis did not serve to reduce the 
chi-square value. The highest average 
percentage of aberrant plants occurred in 
collections from wet land; the next high- 
est was obtained for Miami and Carring- 
ton silt loam and loam regions, where an 
average of 24% aberrants based upon the 
segregating collections was obtained. Al- 
though there is some variation in the data 
for the several soil areas, no obvious re- 
lationships between soil and percentage 
of segregation are apparent. A wide range 


obtained. The divisions follow those giv- 
en in Climate and man (7). The chi- 
square test indicated a very good fit of 
the classes segregating in proportion to 
their total numbers. With the exception 
of the class in the growing season of 90- 
100 days, they are essentially similar in 
the percentages of the lots segregating. 
In this particular class the number of 
collections was very small, and the per- 
centage is, therefore, relatively unre- 
liable. 

Wide differences are shown among the 
percentages of aberrants based upon the 
total number of collections. The 90-100- 
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day class is again the most divergent, 
though numbers are too small for sig- 
nificance. With this exception, however, 
the strains derived from areas with long- 
er growing seasons seemingly have some- 
what higher average percentages of aber- 
rants. This relationship is less obvious 
when the percentages of aberrants among 
segregating types are considered. The 
test for homogeneity showed the vari- 
ance to be heterogeneous in this group. 
Exclusion of classes i and 9, however, re- 
duced the chi-square value to an insig- 
nificant amount. The F values in the 
subsequent analysis of variance indi- 


aberrants indicate that the maximum is 
higher, as expected, for the classes with 
the larger numbers of collections, though 
some exceptions occur. 

Data based upon the classification of 
collections according to geographic areas 
of Wisconsin are given in table 4. These 
areas are from the differentiations made 
by Martin ( 10 ). In general, a close sim- 
ilarity is indicated among different re- 
gions with respect to the percentages of 
the collections segregating. Since the 
chi-square test indicated variance to be 
homogeneous, an analysis of variance 
was made. 


TABLE 4 


Breeding behavior of Boa pratensis lots collected in Wisconsin 

CLASSIFIED ACCORDING TO GEOGRAPHIC AREAS 


Geographic area 

No. OF 
COLLEC- 

Segregating 

Av. % ABERRANTS 
BASED UPON — 

Max. % 

ABER- 

R^INTS 


TIONS 

No. 

% 

Total 

Seg. 

Eastern Rid^je and Lowlands 
Central Plains 

103 

79 

70 

Toft 

77 

16 

21 

100 

Western Upland 

103 

68 

67 

II 

IS 

63 

Northern Highland 

i.y .4 

in'? 

73 

28 

14 

21 

100 

Lake Superior Lowland . 

AU/ 

A'? 

Oo 

67 

II 

16 

100 



II 

17 

75 

P exceeds 0.05; variance between regions, 710.025. 



cated that significant differences existed 
between certain percentages. Calcula- 
tion of the least significant differences 
for the numerous possible paired com- 
parisons showed i4c>~i 50-day lots to be 
significantly higher in average percent- 
age of aberrants than the 100-110-, iio- 
120-, 120-130-, 130-140-, and 150-160- 
day lots. In general, the groups from 
areas of longer growing season appear to 
have higher percentages of plants repro- 
ducing sexually. The shortest season 
class (90-100 days) is an exception, but 
the number of progenies in this group is 
very small. Relationships among differ- 
ent regions for maximum percentages of 


The significantly different paired com- 
parisons for the frequency of aberrants 
indicate that the Western Upland ex- 
ceeds in frequency of aberrants the Cen- 
tral Plains and Northern Highland areas 
and that the Eastern Ridge and Low- 
lands similarly exceeds the Northern 
Highland region. The data show that the 
Eastern Ridge and Lowlands and the 
Western Upland areas average higher 
than other geographical regions in per- 
centages of aberrants. This suggests that 
collections from these areas give proge- 
nies somewhat higher in percentages of 
aberrants based upon the total number 
and also upon the number of segregating 


TABLE 5 


Numerical frequencies of percentage classes of aberrant plants in strains of Poa 

PRATENSIS BASED UPON SOIL AREA, LENGTH OF GROWING SEASON, AND GEOGRAPHIC 
AREA WHERE COLLECTED IN WISCONSIN 


Classes eor percentage of aberrant plants 


I- 

j 

21- 

31“ 

41- 

51- 

6i- 

71- 

8i- 

gi- 

To- 

lO 

20 

30 

40 

SO 

6o 

70 

So 

go 

100 

tal 


Soil areas* 


Knox (silt loams and loams) 

Miami and Carrington (silt loams and loams) 
Miami and Carrington (sands and sandy 

loams) 

Superior (clays and clay loams; northern 

area) 

Superior (clays and clay loams; southern area) 

Sands 

Spencer. 

Kennan (silt loams and loams) 

Kennan (sands and sandy loams) 

Peat 

Wet land 

Total 


46 

25 

33 

25 

27 

15 

12 

3 

7 





2 

131 

97 

9 

10 

8 


2 

2 

.... 

I 

4 

2 

4 


I 


I 

I 




13 












13 

7 

9 

10 

3 

3 




I 



39 

37 

102 

10 

II 

4 

3 

I 

I 




34 

14 1 
i6 

29 

II 

28 

3 

I 

3 

4 





6 

6 

3 



I 




41 

56 

12 

19 

4 

12 

4 

I 

2 

I 

I 




2 

4 

I 


I 






4 

I 










5 

4 

I 

I 

I 





I 



8 












169 

144 

118 

43 

25 

22 

7 

5 

4 


3 

540 


Length of growing season 



Eastern Ridge and Lowlands 

23 

31 

22 

II 

10 

3 

2 


I 


I 

104 

Central Plains 

20 

33 

27 

7 

0 

A 

T 

2 





Western Upland 

65 

40 

39 

18 

9 

14 

3 

2 

I 


I 

192 

Northern Highland 

35 

35 

22 

7 

3 

I 

2 


I 


I 

107 

Lake Superior Lowland 

14 

10 

13 

I 

2 




I 



42 










... 

Total 

166 

149 

123 

44 

25 : 

22 

8 

4 

4 


3 

548 


* Cf, table 2. 
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collections than do those from other re- 
gions. Maximum percentages of aber- 
rants appear to be reached, as previously 
indicated, when larger numbers of col- 
lections are involved, although the Cen- 
tral Plains area is an exception. 

The relative frequencies of percent- 
age classes of aberrant plants for the dif- 
ferent soil groups of Wisconsin (i6) are 
shown in table 5. The low and zero per- 
centage classes contain most of the col- 
lections for all soil areas. There appears 
to be some tendency for collections from 
Miami and Carrington silt loam and 
loam soils to range into somewhat higher 
classes. Lots from Knox and sandy soils 
showed somewhat higher frequencies 
than average in the lower percentage 
classes. A less marked trend is indicated 
for collections from certain other soil 
types to show irregular tendencies. This 
is particularly notable for lots from 
Miami and Carrington and Kennan soils. 

The frequencies of percentage classes of 
aberrant plants based upon classification 
for length of the growing season are also 
given in table 5. There is an apparent tend- 
ency for lots collected from regions hav- 
ing 120-130-, 140-150-, and iso-ibo-day 
growing seasons to have somewhat high- 
er frequencies of aberrants than the aver- 
age. The general relation of the length of 
the growing season to the frequency of 
aberrants, however, indicates no particu- 
larly striking tendencies. 

Data for classification based upon geo- 
graphic areas in table 5 suggest that lots 
from the Eastern Ridge and Lowlands 
and Western Upland areas have some- 
what more widely distributed frequen- 
cies than the average in the various 
classes of aberrant plant percentage; the 
Western Upland area had a somewhat 
higher proportion in the zero class. Other 
groups are generally similar to one an- 
other in relative distribution. 


IS3 

Growth characters 

United States.— The numerical fre- 
quencies shown in table 6 are of the 
United States collections classified for 
early and late vigor, growth habit, ag- 
gressiveness, leafiness, and maturity. 
Graphical examinations have been made 
of the frequency distributions of the per- 
centages in the various numerical classes 
considering each region for each char- 
acter. These studies indicated that the 
distributions are essentially similar 
among all regions for each trait observed. 
This is particularly true for early vigor, 
growth habit, and aggressiveness. Com- 
parisons of the relationships among re- 
gions for leafiness, maturity, and late 
vigor were of greater contrast. Only char- 
acter relationships which were somewhat 
variable among regions will be discussed. 

There was some indication that strains 
from the Northern Great Basin were 
more often of the low prostrate growth 
habit than were those from other regions. 
The number of samples for this region, 
however, is quite small. Collections from 
the East Central region showed a slight- 
ly different distribution for aggressive- 
ness than those from other regions, the 
former being generally less aggressive. 
Collections from the Northeastern and 
North Pacific regions were somewhat ex- 
ceptional to the general average of the 
material from other regions for leafiness 
characters; much higher percentages of 
these two groups were leafy, with the 
stemmy types being relatively infre- 
quent. In relative maturity the lots from 
the Northern Plains and the Northern 
Great Basin were generally earlier than 
those of other regions from which most 
collections were classified as medium late 
to late. Differences in this respect were 
quite marked. The most diversity oc- 
curred with respect to the degree of 
vigor shown by collections from different 
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regions at the time of maturity. Material 
from the Northern Plains and from the 
Central Plains appeared to be generally 
more vigorous than that from other re- 
gions. Very few lots were classified as ex- 
tremely low in late vigor. 

The numbers of collections from the 
several regions are quite different, and 


the relative representation is not entirely 
comparable. It is concluded, however, 
that there appears to be little character- 
istic regional diversity among strains for 
early vigor, growth habit, and aggres- 
siveness but that there is some contrast 
among regional lots in leafiness, relative 
maturity, and late vigor. Whether such 


TABLE 6 

NUMERICAL FREQUENCIES OF STRAINS OF POA PRATENSIS FROM VARIOUS REGIONS AND STATES 
IN CLASSES FOR VIGOR, GROWTH HABIT, AGGRESSIVENESS, LEAFINESS, AND MATURITY 


Region and state 


Eauly 

VIGOR 


Growth 

HABIT 


Aggres- 

siveness 


Leafi- 

ness 


Matu- 

rity 


M 


Late 

VIGOR 


I. Northeastern: 

Maine 

New York 

Pennsylvania. 
Rhode Island. 


Total. 


2. Central Lowland: 

Illinois 

Indiana 

Iowa 

Kentucky 

Michigan . 

Minnesota 

Missouri 

Ohio 

Wisconsin 


Total. 


3. East Central: 

North Carolina. 

Virginia. 

West Virginia. . . 


Total. 


4. Northern Plains: 

Nebraska 

North Dakota . . 
South Dakota . , 


Total. 


5. Central Plains: 

Arkansas 

Kansas 

Oklahoma 


Total . 


6. Rocky Mountains: 

Colorado 

Montana 

Utah 


Total. 


7, Northern Great Basin: 

Idaho. 

Oregon 

W ashington 


Total. 


66 ! 


56 


89 


78 


2 Sl 


8. North PaciBc: 
Washington 
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diffei ences are significant with respect to 
the natural development of regional 
types of bluegrass appears to be ques- 
tionable. 

Wisconsin.— Numerical frequencies 
are presented in table 7 for the soil, 
growing season, and geographic classifi- 
cations of the Wisconsin collections for 
the several characters of growth. It is 


somewhat difficult to make comparisons 
because of insufficient numbers in some 
instances. These frequencies are not di- 
rectly comparable with those for the col- 
lections for the entire United States. 
Much diversity was shown with respect 
to soil areas. 

Considerable diversity in frequencies 
for growth habit existed among the col- 


TABLE 7 


Numerical frequencies of strains of Poa pratensis in classes for vigor, growth habit 

AGGRESSIVENESS, LEAFINESS, AND MATURITY WHEN BASED UPON SOIL AREA, LENGTH OF ’ 
GROWING SEASON, AND GEOGRAPHIC AREA WHERE COLLECTED IN WISCONSIN 


Ceassification 

1 

Ear] 

yiGo 

LY 

iR 

Growth 

HABIT 

Aggres- 

siveness 

Leafiness 

Matu- 

rity 

Late vigor 


I 

2 

3 

I 

1 ^ 

1 ^ 

4 

5 

I 

2 

3 

4 

I 

2 

3 

4 

E 

M 

L 

I 

2 

1 3 

4 

1 ^ 



Soil areas* 




Knox (silt loams and loams) 
Miami and Carrington (silt 
loams and loams) 

8 

3 

IQ 

5 

14 

8 

14 

39 

21 

35 

12 

3 

14 

36 

16 

23 

32 

25 

61 

iS 

1 0 

1 26 

' 45 

34 

14 

• 41 

3 S 

12 

3 

Miami and Carrington (sands 
and sandy loams) 

8 

4 


15 

1 

9 

24 

10 

23 

25 

II 

I 

21 

22 

18 

6 

II 

17 

23 

3 

Superior (clays and clay loams; 
northern area) 





4 

3 


2 

6 

5 

0 

2 

9 

3 

0 

1 

5 

7 

0 

3 

4 

4 

2 

Superior (clays and clay loams; 
southern area) 





7 

7 

14 

5 

9 

14 

4 

13 

IS 

17 

5 

2 

23 

7 

9 

I 

3 

8 

20 

7 

Sands 








0 

0 

I 

0 

3 

0 

X 

3 

0 

2 

2 

0 

0 





Spencer 


IS 


n 


37 

9 

5 

II 

35 

26 

23 

17 

42 

16 

IS 

42 

36 

12 

6 





Kennan (silt loams and loams) . . 
Kennan (sands and sandy 
loams) 

I 

4 

0 

0 

3 

I 

7 

8 

13 

18 

16 

7 

2 

I 

9 

3 

6 

2 

15 

16 

11 

14 

24 

10 

12 

16 

2 

6 

3 

3 

18 

19 

9 

12 

IS 

4 

3 

I 

7 

2 

13 

13 

16 

z6 

2 

3 

Peat 

■ 




5 



2 

0 

5 

3 

I 

1 

5 

3 

0 

3 

5 

I 

0 

5 




Wet land 



0 

- 


3 

I 

I 

0 

2 

3 

0 

I 

2 

I 

I 

5 

0 

0 

0 

0 

3 




— 

61 

— 

— 



3 


I 

I 

4 

I 

I 

2 

7 

4 

I 

5 

0 

3 

I 

I 

3 

2 

I 

Total 

22 

36 

42 

120 

142 

79 

23 

S8 

127 

120 

108 

120 

197 

72 

26 

i6s 

143 

103 

32 

95 

127 

127I 

1 

30 


Length of growing season 

go-ioo days 




















1 

— 

1 


; — • 

100-110 days 

n 





8 

17 

30 



0 

2 

0 

1 

0 

2 

1 

0 

I 

I 

I 

! 0 

2 

0 

I 


1 10-120 days 




13 

* 

3 


I 

I 

5 

26 

7 

6 

7 

I 

0 

8 

4 

2 

I 

0 

6 

5 


1 20- 130 days 


6 



5 

3 

3 

IS 

26 

17 

12 

29 

12 

8 

18 

' 27 

16 

5 

7 

IS 

30 

31 

27 

II 


130- 140 days 

■ 

6 

5 


13 

34 

7 

17 

25 

18 

29 

37 

33 

18 

8 

25 

40 

31 

17 

19 


140-150 days 


18 



32 

27 

9 

3 

5 

IS 

10 

12 

18 

12 

6 

8 

27 

13 

6 

IS 

16 


1.50-160 days 


6 

4 

7 

14 

5 


22 

28 

25 

18 

3 

21 

28 

9 

4 

25 

19 

18 

II 

21 

20 

8 


160-170 days 




12 

30 

7 

3 

13 

29 

IS 

S 3 

IS 

0 

27 

32 

26 

13 

15 

16 

39 

4 


170-180 days 



9 

4 



4 

3 

3 

17 

6 

4 

8 

18 

4 

0 

2 

10 

18 

7 

ri 

5 

1 








t 

4 



2 

10 

I 

4 

6 

3 

0 

6 

2 

6 

2 

I 

3 

8 

b 

Total.. 

23 

63 

38 

44 

119 

146 

80 

25 

55 

128 

133 

101 

ns 

194 

75 

26 

120 

162 

13 1 

62 

91 

HI 

134 

14 


Geographic areas 

Eastern Ridge and Lowlands. . . 
Central Plains . . 

4 

16 

8 

4 

s 

25 

23 

21 

40 

39 

36 

16 

2 

12 

6 

IS 

14 

8 

23 

25 

IS 

28 

25 

30 

IS 

0 

18 

21 

29 

13 

18 

16 

27 

4 

Western Upland 

8 



13 

26 

14 

7 

19 

40 

22 

47 

22 

13 

21 

so 

22 

10 

18 

30 

35 


Northern Highland ...... 


S 




4 


24 

24 

24 

73 

46 

IS 

I 

21 

39 

S 3 

18 

39 

22 

32 

I 

Lake Superior Lowland. 



6 

7 

7 

23 

29 

34 

34 

20 

10 

32 

37 

31 

7 

IQ 

32 

35 

7 








4 



13 

13 

20 

7 

2 

9 

19 

14 

IS 

6 

II 

8 

2,' 

Total. . ... . , . . ... 

21 

6s 

38 

45 

119 

147 

81 

24 

55 : 

130 : 

124 : 

ri 4 : 

[i8^ 

2i6 

79 

26 : 

coi : 

166 : 

149 

63 

90 

III 

137 

14 


Ci table 2. 
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lections from the various soil classes, but 
few of these appeared to have any no- 
table characteristics. The classification for 
aggressiveness showed considerable vari- 
ation among lots. Those from Spencer 
and Kennan silt loam and loam areas 
generally had somewhat similar fre- 
quencies; those from the two Superior 
clay and clay loam areas had similar dis- 
tributions, with a tendency toward non- 
aggressive types. Other than these gen- 
eralizations, the relationships were suffi- 
ciently irregular as to appear to be of lit- 
tle significance. 

In the frequency distribution of col- 
lections classified for leafiness, leafy 
types were relatively more numerous in 
the data for the Spencer soil area than 
for any of the other soil groups; otherwise 
the frequency distributions for leafiness 
classes were quite similar. 

Frequencies for maturity classes 
showed greater divergence among collec- 
tions from different soil areas than did 
those for other characters. Lots from 
peat soil were notably early in maturity. 
Those from Kennan silt loams and loams, 
Kennan sands and sandy loams, wet 
land, and Superior clays and clay loams 
were also relatively early in maturity. 

Types from Kennan sand and sandy 
loam soils had a high frequency of vigor- 
ous strains in the classification for late 
vigor. This is of doubtful significance. A 
relatively high frequency of marked 
vigor was also shown by lots from wet 
land. xA relatively high frequency of mod- 
erate to poor late vigor was indicated for 
types derived from Superior clays and 
clay loams. Lots from Spencer soil and 
Kennan silt loam and loam soils showed 
somewhat similar distributions but had 
relatively higher frequencies in the medi- 
um vigorous and vigorous classes. 

Frequency comparisons for classifica- 
tion based upon length of growing sea- 


son (table 7) show that the relationships 
among classes for early vigor, growth 
habit, and leafiness are fairly comparable, 
no marked differences in regions being 
indicated. The collections from areas of 
shorter growing seasons showed relative- 
ly high percentages of intermediate types 
with respect to growth habit, whereas the 
1 60-170- and 1 70-1 80-day regions pre- 
sented a somewhat disproportionate fre- 
quency of low-growing types. Collections 
from the 140-150-day region tended to 
resemble those from the areas of shorter 
growing seasons. 

Distributions for the seasonal areas 
based upon aggressiveness were quite ir- 
regular. Relatively more aggressive types 
were found in the 90-100-day region; a 
fairly high percentage of aggressive types 
was also shown in the 160-170-day re- 
gion. The frequency of such types was 
low in the 170-180-day region, and the 
loo-iio-day region showed an unexpect- 
edly high proportion of nonaggressive 
types. Distributions of frequencies in 
leafiness classes for the various lengths of 
growing seasons were very similar, no 
notable tendency being indicated. 

Classification for maturity presented 
the most irregular data of any of the 
characters studied, no relationship ap- 
pearing to exist among regions for this 
character. There was a tendency for lots 
from, the loo-iio-day region to be early 
in maturity. Collections from, the 110- 
120-day area showed no apparent rela- 
tionships. Lots from the 160-170-day 
area were relatively late in maturity, but 
those from the 170-180-day area showed 
no apparent relationship to the groups 
from the areas of shorter season. 

The distributions of frequencies in the 
classification for late vigor were generally 
quite different for the various seasonal 
groups. Lots from the 90-100-day group 
showed a relatively high percentage of 
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progenies of marked vigor, but those 
from the loo-iio- and iio~i 20-day 
groups exhibited a general tendency to 
lack vigor, as did those from the 150-160 
and 170-180 groups. Data for the 120- 
130, 130-140, and 140-150 groups pre- 
sent fairly comparable distributions, with 
some tendency for types to be average in 
vigor. The 160-170-day class was higher 
than average in vigor. It should be noted 
in the classifications for growing season 
that only three collections were repre- 
sented in the 90-100-day class. 

In summary it may be said that 
grouping the collections on the basis of 
the average lengths of the frost-free sea- 
son indicates much variation among 
groups with respect to the characters 
studied but no consistent relationships. 
Most diversity exists in the characters of 
aggressiveness, maturity, and late vigor, 
and it is very difficult to see any general 
trends. 

When the data were grouped by geo- 
graphic origin of collections (table 7), the 
frequency distributions among the early 
vigor classes were very similar for the 
several areas except for the Central 
Plains region, where fewer intermediate 
types occurred. In growth habit the 
Eastern Ridge and Lowlands and the 
Western Upland areas showed propor- 
tionately higher numbers of low-growing 
types, while the Lake Superior Lowland 
group had a proportionately higher fre- 
quency of the bunch type. Considerable 
diversity was shown among regions in the 
classes for aggressiveness; only the West- 
ern Upland and Lake Superior Lowland 
distributions were closely similar. The 
latter area showed a proportionately 
large number of nonaggressive types, as 
did the Northern Highland group. The 
Central Plains class was relatively high in 
intermediate types. Distributions for fre- 
quencies of classes for leafiness were very 


similar among the regions with the West- 
ern Upland group containing more inter- 
mediate types. In the maturity classifica- 
tion the Eastern Ridge and Lowlands 
and the Western Upland classes were 
similar in their relative frequencies. The 
other three areas were somewhat alike 
among themselves, but the Northern 
Highland group contained proportionate- 
ly fewer intermediates. Classification for 
late vigor showed much irregularity in 
relation to geographic areas. The East- 
ern Ridge and Lowlands, the Central 
Plains, and the Northern Highland 
groups were not widely divergent. Lots 
from the Western Upland and Lake Su- 
perior Lowland regions were divergent 
and between themselves showed some- 
what opposite frequencies except for the 
least vigorous classes. 

Among the several characters ana- 
lyzed the variation in leafiness was most 
comparable, whether groups were based 
upon soil areas, upon relative lengths of 
the growing season, or upon geographic 
sections in Wisconsin. Early vigor and 
growth habit might be considered next 
most constant, whereas aggressiveness 
and late vigor were most variable. 

Classification for soil areas produced 
most irregularity in relative frequencies, 
while grouping based upon geographic 
areas showed least diversity. 

Plant height 

United States.— Although plant 
height at maturity is perhaps a character 
of little practical importance, it seemed 
evident that its value might be more ac- 
curately measured than other plant fea- 
tures. A comparison of strains upon this 
basis for the geographic regions of the 
United States is presented in table 8, al- 
though the number of strains was gen- 
erally insufificient to permit detailed 
comparisons of frequencies in the differ- 
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ent regions. The collections from the age type. Strains from the 150-160-day 
Northeastern and the Central Lowland area included an exceptional number of ^ 

sections of the country perhaps include medium short types; a two-peaked curve 
types averaging somewhat shorter in resulted. I 

culm length. Distribution of the lots from Data for geographic areas (table 9) | 

the Central Lowland also suggests a neg- suggest that all distributions resemble | 

ative skewness compared with the aver- the normal, though minor variations j 

age frequencies of all progenies. It would occur. Western Upland and Northern 
appear very doubtful whether the differ- Highland strains included proportionate- 
ences indicated are of any significance. ly more medium short types, while the 
Wisconsin. — Collections from the Eastern Ridge and Lowlands and North- 
various soil areas of Wisconsin have been ern Highland areas had relatively numer- I 

classified for culm height (table 9). In- ous tall bio types. | 

TABLE 8 I 

Numerical frequencies for height or plant of strains of Poa pratensis from 

GEOGRAPHIC REGIONS OF THE UNITED STATES 


Plant height in inches at maturity 


Region 


18 







i 

.6 


28 








$6 

To- 


17 

19 

20 

21 

22 

23 

24 

25 

27 

29 

30 

31 

32 

33 

34 

35 

tal 

Northeastern 

I 

I 

I 


3 

3 

4 

4 

3 

8 

2 

I 

I 

I 

I 


I 




35 

Central Lowland 


I 

2 

6 

3 

3 

7 

18 

17 

26 

38 

38 

21 

19 

10 

7 

4 

II 

I 

3 

235 

East Central 









2 

2 

2 

2 

4 

I 






13 

Northern Plains 






2 


2 

I 

2 


6 

7 

7 

I 

2 





Central Plains 





I 

0 

3 

3 

3 

5 

9 

0 

4 

5 

4 

/ 

5 

2 


I 




UT' 

45 

Rocky Mountains .... 







3 


I 

I 

2 

6 

2 

6| 

2 

I 

I 

I ' 



26 

Northern Great Basin 







I 


I 



2 

2 

2 


I 





9 

North Pacific ........ 

I 




I 

I 


2 



3 

2 

2 

I 

I 

2 





16 




... 



















Total 

2 

2 

3 ' 

6 

8 

13 

18 

29 

30 

48^ 

52 

62 

41 

45 * 

18^ 

13 

7 

1 

12 

I 

i 

Ti 

413 



sufficient information is available to Groupings based upon length of the 
make comparisons between some regions, growing season appeared to show more 
and data are meager for all soil regions, diversity in plant height than those 
Comparing relative frequencies, dis- based upon soil and geographic areas, 
tributions are somewhat similar. Proge- 
nies from plants of Spencer soils and of Disease reactions 

Kennan silt loams and loams were some- Certain diseases of Kentucky blue- 
what deficient in types of average height grass occurred with sufficient intensity 
and were more variable than the average, and general distribution to permit ob- 
Results of the classification based on servation of strain reactions. The dis- 
the length of the growing season are also eases were not equally abundant in all 
presented in table 9, The loo-iio- and seasons, and plant reactions were some- 
i30“-i4o-day classes were more variable what variable from year to year. The dis- 
than the other groups with proportion- eases observed included leaf rust caused 
ately more short and more tall types, by Puccinia poae-sudeticae (Westend.) 
Other distributions approached the aver- J^rstad and P. rubigovera (DC.) Wint. ; 



TABLE 9 

Numerical frequencies of strains of Poa pratensis in classes for height of plant 

WHEN based upon SOIL AREA, LENGTH OF GROWING SEASON, AND GEOGRAPHIC 
area WHERE COLLECTED IN WISCONSIN 


Culm height in inches at MATirRiiy 


Classification 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

To- 

tal 


Soil areas* 

Knox (silt loams and loams) 


I 

2 

I 

4 

5 

3 

14 

7 

14 

16 

12 

1 1 

c 

7 

I 

2 



los 

Miami and Carrington (silt 












0 






loams and loams) 






I 


I 













Miami and Carrington 





















(sands and sandy loams) 


I 

4 


2 


I 

3 

8 

II 

6 

5 

6 

6 

2 

I 




S 6 

Superior (clays and clay 




















loams; northern area). . 




I 



2 

I 

I 

I 

I 

2 



I 

1 

2 



13 

Superior (clays and clay 




















loams; southern area) . . . 


I 





I 

I 

I 

2 

2 

a 


2 



I 




Sands 







I 




0 

0 

2 

I 







Spencer 

I 


I 


2 


3 

4 

8 

9 

4 

4 

5 

9 

3 

4 

2 


I 

60 

Kennan (silt loams and 





















loams) 





2 

2 

I 

5 

4 

2 

5 

2 

2 

I 

a 

a 




33 

Kennan (sands and sandy 
















0 




loams) 



3 

I 

2 

2 

4 

4 

2 

2 



I 


I 


T 


I 

25 



















Peat 



2 







I 

2 

I 

2 



I 




0 

Wet land 







I 




I 






I 



a 





















0 

Total 

I 

3 

12 

3 

12 

10 

17 

33 

32 

43 

38 

30 

29 

24 

17 

II 

9 


2 

326 


Length of growing season 

90-100 days 









I 











I 





















loo-iio days 



2 

I 

I 

2 

2 

2 


I 



I 


I 





I? 

110-120 days 

I 


I 


2 


3 

2 

6 

7 

4 

5 

I 

5 

2 

I 

2 


I 

43 

1 20-130 days 


I 


I 

3 

2 

I 

8 

6 

7 

7 

3 

4 

3 

6 

4 

I 



57 

1 ^ 0 - 14.0 davs 



2 


I 

2 

2 

3 

7 

I 

2 

2 

2 

I 


2 

2 



29 




















140-1 50 days 


I 

2 


2 

I 

2 

2 

7 

II 

5 

3 

7 

4 

I 

I 

I 


I 

51 

150-160 days 


I 


I 

3 

2 

6 

II 

2 

7 

16 

10 

10 

8 

4 

5 

4 



90 

160-170 days 



I 




I 

2 

2 

7 

4 

5 

4 

3 

I 





30 




















170—180 days ■ • ■ 



4 





I 

I 

2 

I 

2 



2 





13 





















Total. 

I 

3 

12 

3 

12 

9 

17 

31 

32 

43 

39 

30 

29 

24 

17 

13 

10 


2 

327 


Geographic areas 

Eastern Ridge and Low- 





















lands 


I 

4 


I 

I 

5 

3 

9 

II 

7 

6 

7 

9 

3 

4 

3 



74 

Central Plains 

I 


3 

I 

3 

I 

3 

6 

8 

7 

5 

5 

3 

4 

3 

2 

2 



57 

Western Upland 


I 

2 


4 

4 

4 

12 

7 

15 

17 

14 

13 

6 

5 

I 

3 


I 

109 

Northern Highland 



2 

2 

5 

3 

4 

10 

5 

7 

6 

3 

5 

3 

7 

5 

I 


I 

69 

Lake Superior Lowland . . . 


I 

I 




I 

2 

2 

3 

3 

3 

I 

2 



I 



20 























Total.............. 

I 

3 

12 

3 

13 

9 

17 

33 

31 

43 

38 

31 

29 

24 

18 

12 

IC 


2 

329 


* Cf. table 2 . 
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powdery mildew {Erysiphe graminis a somewhat higher proportion of mildew- 
DC.), and leaf spot {JSelminthosporium free strains but also a higher number of 
Drechs.). It is thought, however, susceptible ones. Intermediate reaction 
that P. rubigovera was relatively unim- types were lacking. The highest propor- 
portant in the season when leaf-rust re- tion of susceptible types occurred in the 
action was observed. Since data were not Northern Plains group. Approximately 
obtained for all collections, numbers 34% of all collections studied were clas- 
may not coincide with those for other sified as mildew-free, whereas 12% were 
characters. The plant reactions were re- very susceptible. 

corded numerically; o, no disease ob- The frequency distributions for leaf- 
served; I, resistant; higher numbers rep- ’ rust classification were very closely sim- 
resen ted progressively a more susceptible ilar for all regions. High percentages of 


TABLE 10 

Numerical frequencies for disease-reaction classes of strains of Poa 

PRATENSIS FROM VARIOUS REGIONS OF THE UNITED STATES 


Region 

Mildew 

Leaf rust 

0 

I 

2 

3 

0 

I 

2 

3 

Nortlieastern 

17 

3 

6 

9 

13 

19 

2 

I 

Central Lowland — 

41 

22 

28 

17 

9 

76 

17 

7 

East Central 

3 

2 

5 

3 

2 

10 

I 

0 

Northern Great Plains 

4 

19 

II 

0 

I 

27 

4 

2 

Central Great Plains 

* 18 

7 

16 

4 

8 

28 

8 

2 

Rocky Mountains 

8 

8 

10 

0 

3. 

16 

6 

3 

Northern Great Basin 

2 

s 

3 

0 

I 

5 

2 

I 

North Pacific 

4 

5 

I 

2 

4 

9 

0 

0 

Total 

' 97 

71 

80 

35 

41 

190 

40 

16 



the collections were rust-free or were 
slightly infected, but no regional tend- 
encies were evident. 

Wisconsin.— Data for classification 
according to soil in Wisconsin are given 
in table ii. Frequency distributions for 
mildew reaction were generally similar 
among the soil groups except those for 
Kennan sands and sandy loams and for 
wet land where few data were available. 
Miami and Carrington silt loams and 
loams and Kennan silt loam and loam 
classes included more resistant progenies 
than the average. Of all the strains, how- 
ever, 85% were classified as mildew-free 
or resistant. 

Frequency distributions for the several 


reaction. Those classified as of reaction 3 
were considered to be very susceptible. 

United States. — Numerical frequen- 
cies of reaction types for the several re- 
gions of the United States are shown in 
table 10. Insufficient leaf spot developed 
in 1943 to provide information concern- 
ing reaction toward this disease. The fre- 
quency distributions for classes of reac- 
tion to mildew were very diverse for the 
several regions; those for the Northern 
Plains and for the Northern Great Basin 
were essentially similar, and those for the 
Rocky Mountain and North Pacific 
areas varied in a different manner. Other 
regional distributions comprised a third 
group. The Northeastern region showed 


TABLE 11 


Numerical frequencies of strains of Poa pratensis in disease-reaction classes when 

GROUPED ACCORDING TO SOIL AREA, LENGTH OF GROWING SEASON, AND 
GEOGRAPHIC AREA WHERE COLLECTED IN WISCONSIN 


Classification 

Mildew 

Rust 

Leaf spot 


0 

1 

2 

1 

3 

4 

0 

I 

1 

2 1 

3 

4 

0 

I 

2 

3 


Soil areas* 


Knox (silt loams and loams) 

Miami and Carrington (silt loams 

and loams) 

Miami and Carrington (sands and 

sandy loams) 

Superior (clays and clay loams; 

northern area) 

Superior (clays and clay loams; 

southern area) 

Sands 

Spencer 

Kennan (silt loams and loams) — 
Kennan (sands and sandy loams) . 

Peat 

Wet land 


45 

36 

I 

II 

4 

26 

17 

20 

I 



39 

24 

6 

16 


3 

56 

8 

18 

7 

I 

3 


Total 


161 


99 


31 


9 6 15 181 


39 

21 

2 

21 

28 

12 

2 

20 

7 

I 

20 

15 

3 

^ I 

2 

3 






16 

S 

2 

6 

14 

7 

I 


I 


2 

2 



27 

6 

I 

17 

22 

7 

5 

IS 

13 

I 

7 

14 

4 

5 

9 

4 


5 

24 

1 2 

2 

I 







I 

2 

I 


I 



4 




I 










134 

62 

8 

78 

121 

35 

16 


Length of growing season 


90-100 days 
loo-iio days 
1 10-120 days 
1 20-130 days 
1 30-1 40 days 
140-150 days 
150-160 days 
160-170 days 
170-180 days 

Total.... 


Eastern Ridge and Lowlands 

Central Plains. 

Western Upland 

Northern Highland. .... — 
Lake Superior Lowland ..... 

Total... 


I 


. . . . i 




I 

2 




2 

I 


10 

2 



I 

2 

7 

5 

I 


I 

10 

2 

I 

29 

7 

2 i 

I 

I 


35 

21 

2 

3 1 

19 

18 

9 

I 

34 

19 

4 

.1 

I 

5 

29 

32 

24 

2 1 

12 

42 

13 

7 

^3 ! 

9 

8 

3 


5 

28 ! 

10 

4 

. . . . * 

4 

19 

I 

I 

19 i 

II 

6 

I 


2 

28 

16 

10 

2 

9 I 

9 

2 

I 

41 

28 

6 

I 

3 

5 

29 

32 

24 


24 

24 

8 

5 

4 1 

10 

2 



2 

23 

4 

I 


I 

3 



8 


I 

I 


3 

7 

4 



6 

2 



159 

86 

29 

8 j 

6 

24 

187 

126 

66 

7 

76 

129 

36 

16 

I 


Geographic areas 


53 

7 

2 

2 


7 

29 

19 

15 

I 

22 

18 

2 

5 

45 

8 

6 

3 


6 

39 

15 

2 

I 

19 

17 

I 

I 

55 

37 

12 

I 

3 

7 

47 

36 

18 


IS 

21 

7 

2 

47 

20 



2 

I 

17 

29 

18 

3 

14 

28 

8 


19 

2 

I 


2 

I 

9 

9 

2 

I 

7 

5 

I 


219 

74 

21 

6 

7 

22 

141 

108 ! 

55 

6 

77 I 

89 

19 

8 


* Cf. table 2. 
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soil regions with respect to reaction to tributions for reaction to rust. They were 
rust were very similar and approached a relatively similar, however. Central 
normal distribution. Types from Spencer Plains lots were somewhat higher in pro- 
soils were somewhat more rust-suscep- portion of resistant types than the 
tible as a group. Many strains, including others, whereas the Northern Highland 
45% of the total, were classified as re- group was inclined more toward suscep- 
sistant, while only 4% were noted as tible reactions. Classification for leaf-spot 
rust-free. reaction indicated that the Western Up- 

Classification for leaf-spot reaction in- land and Northern Highland areas in- 
dicated slight differences among soils eluded proportionately fewer disease-free 
areas as to behavior of strains. Lots from strains than other sections. 

Kennan silt loams and loams were some- In considering the classification for 
what more resistant as a group. Approxi- disease reaction when strains have been 
mately 80% of the total number of grouped according to soil, length of grow- 
strains observed were of leaf-spot-free ing season, and geographic areas, it 
or only slightly infected types. This is es- should be noted that numbers of collec- 
sentially the same proportion as that ob- tions are frequently too small to permit 
served for mildew reaction. critical comparisons. This is particularly 

Data for classification of disease reac- evident for leaf-spot reaction, 
tion according to length of the growing Frequency distributions of reaction 
season where strains were collected show classes for mildew were highly variable 
that general similarity existed among for the several regions of the United 
groups in reaction to mildew (table ii). States and were not normal in type. They 
The only exception to this occurred in were somewhat less variable for the soil 


lots from the 160-170-day area, in which and growing-season classifications of Wis- 
intermediate reaction types were more consin data but were not normal, in that 



frequent than in other groups. Classifica- 
tion for rust reaction showed promi- 
nent differences among growing-season 
groups. The 1 20-130- and 150-160-day 
classes had distributions tending more 
toward susceptibility than other groups 
which were, among themselves, very sim- 
ilar. Most seasonal group distributions 
approached normality with respect to 
leaf-spot reaction; that for the 170-180- 
day season included relatively more leaf- 
spot-free strains than others. 

The disease reactions of strains 
grouped by geographic regions are given 
in table ii. Mildew reactions of the sev- 
eral regional classes were quite compa- 
rable, those from the Western Upland in- 
cluding a relatively lower proportion of 
mildew-free strains than the others. 
Some variations are indicated in the dis- 


popiilations included excessive percent- 
ages of mildew-free and resistant types. 
Reactions to rust among the various lots 
from United States and Wisconsin 
sources were more similar than were re- 
actions to mildew. Very little difference 
was apparent among the geographic areas 
of the country. Somewhat more irregu- 
larity existed in frequency distributions 
of data from Wisconsin, particularly 
with respect to soil groups. Frequency 
distributions among Wisconsin strains 
for leaf-spot reaction were approximate- 
ly normal except for an excess of the re- 
sistant types. Considering the diseases 
observed, there was little indication that 
the region or the habitat where collected 
had served to modify the population rela- 
tive to disease reaction. 
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Discussion 

These studies were an attempt to in- 
vestigate further the nature of variabil- 
ity in P. pratensis and its possible rela- 
tions to geographical and climatological 
factors. Though a seemingly large num- 
ber of progenies have been observed, it is 
very certain that they cannot be con- 
sidered as completely representative of 
the regions sampled. The number of col- 
lections made in Wisconsin is perhaps a 
reasonably adequate sample of that area. 
Until more extensive data are available, 
those presented and the generalizations 
made may contribute to the increasing 
fund of knowledge about Kentucky blue- 
grass. 

Approximately 75% of all progenies 
showed some morphological variability. 
Since numbers of plants grown in each 
progeny were small, it is probable that 
many of the types presumed to be con- 
stant were potentially variable. The 
average percentage of aberrant plants 
was 16.5 when based upon the total num- 
ber. Considering only those progenies 
exhibiting segregation, this value was 
20,5%. These figures are somewhat high- 
er than those obtained by other workers, 
though they are reasonably similar to the 
results presented by Brittingham (4). 
It is the view of the writers that they are 
representative for the collections stud- 
ied. Thus P. pratensis might be de- 
scribed as reproducing generally by 
apomixis; this was also Brittingham’s 
conclusion. Sexual reproduction may 
play a more important role in maintain- 
ing genetic diversity, however, than has 
been thought previously. Since uniform- 
ity is perhaps of little practical advan- 
tage for turf and pasture purposes, rea- 
sonable conformity to a parental type 
might suffice for maintenance and utili- 
zation of any original biotype selected. 

There is some evidence in the results 


obtained that ecological conditions have 
served to allow the development of cer- 
tain regional differences in the general 
relation of apomictic and sexual repro- 
duction. This is not in agreement with 
the observations reported by Britting- 
ham. Whether such differences were gen- 
erally significant, however, could not be 
determined. Lowest percentages of aber- 
rants appeared in lots from interior re- 
gions in the United States. 

Comparisons were made of the rela- 
tive morphological variability among re- 
gional collections. Although minor dif- 
ferences have been indicated, it would ap- 
pear that regional and local influences 
have not served to isolate readily recog- 
nizable, morphological type-complexes. 
These results are in accord with those of 
Akerberg (2) , who reported that form- 
complex studies of P. pratensis did not 
indicate ihsit P^u-pratensis was confined 
to any particular locality. He also ob- 
served that the ^M-pratensis forms were 
highly variable and widely scattered. Al- 
though the data are not strictly com- 
parable, these results do not appear to 
support the conclusions of Wellhausen 
and Weibel (is). 

Leafiness, late vigor, and earliness of 
maturity appeared to show more regional 
differentiation than did other characters 
in the collections from various parts of 
the United States. Data for Wisconsin 
collections indicated that these same 
characters were highly variable, though 
leafiness was less so. Early vigor, growth 
habit, aggjpessiveness, and plant height 
did not show prominent regional char- 
acteristics. Disease reactions were not of 
value in differentiating regional classes, 
though some variation occurred. 

Certain general impressions were ob- 
tained of progenies growing in the field. 
Those from the North Pacific and North- 
eastern regions of the United States ap- 
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peared to be more leafy, darker green in 
color, and more generally attractive from 
a plant“breeding viewpoint. They ap- 
peared also to be more generally variable 
in type within groups. Collections from 
the Central Plains were relatively less 
leafy, more prostrate, and more general- 
ly similar than those from other sections. 

Among collections made in Wisconsin, 
those from the vicinity of Madison and 
from the Lake Superior Lowland were 
most variable and included more attrac- 
tive types. 

It might be concluded that collection 
of seed of P. pratensis from regions dif- 
fering widely with respect to soil and 
climatic factors has not greatly increased 
the probability of obtaining increased 
variability as compared with more in- 
tensive collection in a single locality. 
Though some evidence contrary to this 
generalization has been presented, the 
data obtained are thought to be only sug- 
gestive and insufficient to establish this 
point definitely. When the Wisconsin 
collections were grouped, particularly on 
the basis of soil and length of growing 
season where obtained, greater type di- 
versity was observed. 

Summary 

1. Eight hundred progenies derived 
from single panicles of Poa pratensis col- 
lected in twenty-seven states of the 
United States were studied in the seasons 
1941 -1944 at Madison, Wisconsin. These 
included 541 Wisconsin collections. All 
were grown in spaced nursery rows. 

2. Progenies from the United States 
were classified according to the geo- 
graphic region from which the parent 
seed was collected. Observations were 
obtained for percentage of aberrant 
plants, early vigor, growth habit, - ag- 
gressiveness, leafiness, maturity, late 
vigor, plant height, and reactions to 
powdery mildew {Erysiphe graminis), 


leaf rust {Puccinia poae-sudeticae)^ mid 
leaf spot (Helminthosporium vagans). 
Progenies from Wisconsin sources were 
grouped according to soil area, length of 
the growing season, and geographic area 
where parental seed was collected. 

3. Among all progenies, 75.8% in- 
cluded some aberrant plants. The aver- 
age percentage of segregation based upon 
the total progeny number was 16.5. 
When only segregating progenies were 
included, this value was 20.5%. 

4. Differences among regions of the 
United States in percentage of segrega- 
tion were generally large. No close as- 
sociation of such differences with region- 
al, soil, or climatological variations could 
be established, although interior or con- 
tinental regions showed generally lower 
percentages of aberrant types. 

5. Collections grouped by regions of 
the United States were generally similar 
to one another in variation of early vigor, 
growth habit, and aggressiveness. Leafi- 
ness, late vigor, and relative maturity 
varied more extensively among regional 
groups. Lots from the East Central re- 
gion were generally less aggressive; those 
from the Northeastern and North Pacific 
areas were more leafy; collections from 
the Northern Plains and the Northern 
Great Basin were of earlier maturity; 
and progenies from the Northern Plains 
and Central Plains were relatively more 
vigorous. 

6. Differences among progenies de- 
rived from the various soil areas in Wis- 
consin were generally small. When 
grouped according to the length of the 
growing season in the locality of collec- 
tion, significant differences in percentages 
of segregation were found, with the 140- 
150-day class having a high value. 
Strains from areas having longer growing 
seasons were generally somewhat higher 
in percentages of aberrants than those 
from areas of shorter seasons. The com- 
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parison by geographical regions indi- 
cated that the Eastern Ridge and Low- 
lands area and the Western Upland area 
of Wisconsin were significantly higher in 
percentages of aberrants than were other 
areas. 

7. Classifications of Wisconsin col- 
lections for morphological characters 
showed a generally great diversity for 
behavior among lots from different soil 
areas. Frequency distributions were sim- 
ilar for early vigor and leafiness for the 
different soils and were somewhat less so 
for growth habit; those for aggressive- 
ness, maturity, and late vigor were high- 
ly dissimilar. Based upon average length 
of the growing season, distributions for 
the several characters were generally 
comparable with those for the soil classi- 
fication. Frequency distributions for 
early vigor, growth habit, and leafiness 
were most similar. The classification for 
maturity showed least relation to length 
of growing season. Grouping on the basis 
of geographical areas resulted in fre- 
quencies relatively similar to those for 
soil and growing seasons. Classification 
by plant height suggested no particular 
relationships to region of origin in the 
United States. In the Wisconsin collec- 
tions analysis by soil and geographic re- 
gions did not indicate prominent differ- 
ences in relative frequencies of plants 
with respect to height. When grouped by 
growing seasons, the ioO“iio- and 130- 
140-day lots exhibited relatively lower 
frequencies of intermediate types, though 
this was of questionable significance. 


8. Collections from the United States 
varied irregularly in frequency distribu- 
tions for reaction to powdery mildew. 
Lots from different regions appeared to 
differ markedly in proportionate fre- 
quencies of resistant and susceptible 
types. xApproximately 34% of the proge- 
nies were observed to be mildew-free, 
whereas 12% were very susceptible. Re- 
action to leaf rust was generally similar 
among groups of strains from the various 
regions of the United States. Of the prog- 
enies, 14% were classified as rust-free 
and 66% as resistant. 

9. Classification of Wisconsin collec- 
tions with respect to soil of origin showed 
certain prominent differences to exist 
among soil areas in the character of 
the distributions among disease-reaction 
classes. In general, however, distribution 
for the three kinds of diseases were sim- 
ilar. Considering reaction to leaf rust, col- 
lections from certain heavier soil areas 
were relatively more susceptible to dis- 
ease than those from others. When classi- 
fied according to length of the growing 
season, little relation was shown between 
length of season and relative frequencies 
of reaction types, though occasional ex- 
ceptions occurred. No consistent relation 
between length of growing season and 
relative disease resistance was found. 
Collections grouped according to geo- 
graphic regions exhibited no significant 
differences in reaction to diseases. 

Department op Agronomy 
University of Wisconsin 

Madison, Wisconsin 
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REACTIONS OF DECAPITATED BEAN PLANTS TO CERTAIN OF 
THE SUBSTITUTED PHENOXY COMPOUNDS^ 

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 677 
J. M. BEAL 


Introduction 

The histological reactions of bean 
plants to certain of the substituted phe- 
noxy compounds applied to the bases of 
the heart-shaped leaves have recently been 
described (i). In general, the second in- 
ternodes of these plants showed tissue re- 
sponses similar to those induced in the 
bean by a number of other compounds 
applied to the cut curface of the young 
second internode following its decapita- 
tion just below the first trifoliate leaf 
(4, 6). Although all tissues of the second 
internode, except the epidermis, local 
areas of the outer cortex, and perhaps the 
pericycle, proliferated actively as a re- 
sult of the application of the phenoxy 
compounds, no roots were developed in 
this internode during periods as long as 

^ This work was supported in part by a grant from 
the Dr. Wallace C. and Clara A. Abbott Memorial 
Fund of the University of Chicago, 


20 days following their application. The 
responses in the first internode and hypo- 
cotyl were somewhat more restricted as 
to tissues affected than was the case in 
the second internode. Usually in the first 
internode and hypocotyl only the endo- 
dermis, cambium, phloem, and ray pa- 
renchyma responded, but from the cam- 
bium, phloem, and ray parenchyma, 
especially from the two latter, adventi- 
tious roots developed in abundance. 

Because many of the earlier histologi- 
cal studies had been made following ap- 
plication of the compounds to the cut 
surface of the second internode of de- 
capitated bean stems, it was decided to 
apply the phenoxy compounds previous- 
ly employed (i) to the cut surface of de- 
capitated young second internodes of the 
same strain of Red Kidney beans as had 
been used in former experiments. The 
compounds were applied as 0.5% and 
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as 1% mixtures in both lanolin and Car- 
bowax 1500 as carriers. 

Red Kidney bean plants were grown 
in the greenhouse in flats containing rich 
loam soil under conditions simulating as 
closely as possible those used in the for- 
mer study (i). The second internode was 
cut squarely across just below the node 
of the first trifoliate leaf as the leaf start- 
ed to expand. Immediately afterward the 
cut surface was covered over with the 
lanolin or Carbowax mixture, and the 
plants, together with untreated con- 
trols, were kept under conditions favor- 
able for vigorous growth. 

Material for histological study was 
collected at regular intervals after treat- 
ment, fixed in Navashin’s solution, han- 
dled according to the tertiary butyl-alco- 
hol method, and sectioned at 10 jn. 

Observations 
Gross responses 

The gross responses of the decapitated 
plants to 2-chlorophenoxyacetic, 4-chlor- 
ophenoxy ace tic, 2 ,4-dichlorophenoxy- 
acetic (2,4-D), and 2,4,5-trichlorophe- 
noxyacetic acids were, in many respects, 
different from those resulting from appli- 
cation of these compounds to the bases of 
the heart-shaped leaves. The visible re- 
sponses in the decapitated plants were 
evident chiefly in the upper io~i2 mm. 
of the second internode near the point 
of application of the mixtures and in the 
leaves developed from the axillary buds. 
All the compounds retarded develop- 
ment of the axillary buds, with the least 
effects resulting from the application of 
2-chlorophenoxyacetic acid, and all the 
compounds, except 2 ,4, 5-trichlorophe- 
noxyacetic acid, resulted in the formation 
of at least some dwarfed and often de- 
formed and crinkled leaves on the axil- 
lary shoots. No epinasty and little or no 
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stem curvature resulted from the appli- 
cations. 

Under high temperature and humidity 
the Carbowax mixtures often melted and 
ran down over the surface of the first in- 
ternode and sometimes even as far as the 
upper part of the hypocotyl. Responses 
in the form of stem enlargement and 
often of root formation commonly fol- 
lowed. Nearly all the plants, however, to 
which the Carbowax mixtures were ap- 
plied showed more or less injury at and 
near the place of application and fre- 
quently rather extensive death of the 
stem tissues (fig. iC, £, G). The lanolin 
mixtures resulted in much less tissue in- 
jury (fig. iB, D, F, H). 

When Carbowax alone was applied to 
the apices of decapitated second inter- 
nodes, slight shrinkage and evidences of 
partial dehydration of the cells occurred 
within 24 hours. At 72 hours following ap- 
plication many tiers of dead and shrunk- 
en cells were present at the apical ends 
of the treated internodes (fig. 2). Im- 
mediately below these cells was a zone 
consisting of several tiers of cells in which 
division had begun. A few layers of these 
cells adjacent to the dead tissue became 
suberized during the next few days and 
functioned as a protective layer over the 
distal end of the hypocotyl. The volume 
and area of dead cells resulting from the 
application of the Carbowax did not vary 
greatly and did not increase after the 
first 72 hours in a number of stems which 
were kept under observation for more 
than 2 weeks. Injury from the Carbowax 
alone was in no case as extensive as that 
from the substituted phenoxy compounds 
applied in Carbowax. 

All the treated plants developed tu- 
mor-like swellings at or just below the 
point of application of the mixtures. The 
least responses were induced by 2-chloro- 
phenoxyacetic acid (fig. iA, B)\ 4-chloro- 
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phenoxyacetic (fig. iC, D), 2,4-dichloro- and ran down the stems. The time and 
phenoxyacetic (fig. lE, F), and 2,4,s-tri- the rate of elongation of the axillary buds 
chlorophenoxyacetic acids (fig. iG, E) were delayed by all the mixtures, but 
showed nearly the same total growth re- least by the 2-chlorophenoxyacetic acid, 
sponses. None of the treated plants de- Although the leaves produced by axil- 
veloped enlargements on the first inter- lary buds on at least a part of all the 
nodes or hypocotyls except those plants treated plants showed dwarfing and de- 
qn which the Carbowax mixtures melted formity, except on those to which 2,4,5- 


Fig. I. — Effects of substituted pbenoxy compounds on second internode of bean at 1 6 days following 
application. A, 2-chlorophenoxyacetic acid in Carbowax 1500; jB, same in lanolin; C, 4-chlorophenoxy- 
acetic acid in Carbowax; same in lanolin; E, 2,4-dichlorophenoxyacetic acid in Carbowax; F, same in 
lanolin; G, 2,4,5-trichlorophenoxyacetic acid in Carbowax; same in lanolin. Protruded roots evident in 
and C but in no others. 
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trichlorophenoxyacetic acid had been 
applied, the effects were not nearly so 
pronounced as when the substances had 
been applied to the bases of the heart- 
shaped leaves. 

Although slight color changes were ap- 
parent in the decapitated stems within 
24 hours following application of the 
mixtures, little gross response was notice- 
able until 30 hours or more had elapsed. 
A faint yellowing of the tissues first be- 
came apparent within 24 hours just be- 
low the cut surface to which the mixtures 
had been applied. By the end of 48 hours 
the yellowing was more pronounced and 
the swelling greater. Enlargement con- 
tinued steadily for several days, the 
tumors ordinarily reaching tlieir ultimate 
size in 12-14 days. They then remained 
relatively constant in size for at least 2 
weeks longer. Many, perhaps most, 
tumors attained a diameter of three to 
four times that of the basal half of the 
treated internode, except following ap- 
plication of 2-chlorophenoxyacetic acid; 
the latter tumors seldom reached a diam- 
eter twice that of the lower portion of the 
second internode (fig. lA, B,. Although 
root primordia were commonly developed, 
only a few of the treated stems ever 
showed protruded root tips (fig. lE, G), 
and then only following treatment with 
2,4-D and 2,4,5-trichlorophenoxyacetic 
acid in Carbowax. 

Histological changes 

Definite responses were apparent in 
sections of the second internode to each 
growth-regulating substance 24 hours 
after application, with the least responses 
following the application of 2-chloro- 
phenoxyacetic acid. This substance ap- 
plied in lanolin usually induced little re- 
sponse— often none. When Carbowax 
was the carrier, responses were common- 
ly evident in 24 hours, although some 
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stems responded so little that practically 
no swelling could be detected, and sec- 
tions showed little effect even after 72 
and 96 hours. Because of the slight re- 
sponses, no photomicrographs of these 
stems are included. 



Fig. 2. — Longisection of decapitated second 
internode 72 hours after apical treatment with 
Carbowax alone. Many tiers of cells killed and 
shrunken at and below point of application, with 
several layers adjacent to these beginning to divide. 
Tissues at right side show effects of Carbowax 
which melted and ran over surface of stem. 

Responses to applications of 4-chloro- 
pheaoxyacetic acid in both Carbowax 
and lanolin were generally evident at 24 
hours^ although the responses were much 
greater to the lanolin mixtures (fig. 3S). 
The cortical cells had elongated radially; 
their cytoplasmic content had become 
denser. Many endodermal cells had di- 
vided tangentially. Active divisions had 
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j rj ^ear top of second internode of bean at time of treatments, showing vario 

Ihif^^l f development (xy jyleni; M pith; c«, cambium; m, ray; ph, secondary phloem; 
phloem, pci, pencycle; m, endodermis). B, second internode 24 hours after treatment with 4-chloro 
acetic acid in lanolin; activity beginning in endodermis, cambium, and ray parench^a, with 0, 

activity in phloem parenchyma; cortical and pith cells radially elongated. 
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started in the cambium, phloem, and ray 
parenchyma cells, but the pericycle ap- 
peared unaffected. Although the cells of 
the pith showed radial elongation, there 
were no evidences of increased meri- 
stematic activity. 

Only slight response resulted at 24 
hours from applications of 2,4-D in 
Carbowax. Although the cortical cells 
showed radial elongation, little effect was 
evident in endodermis, phloem, cam- 
bium, ray parenchyma, or pith (fig. 4A). 
In contrast, application of this compound 
in lanolin resulted in division of some 
cells of the endodermis, with considerable 
activity in the cambium and ray paren- 
chyma and a smaller amount in the 
phloem. The pith cells showed radial 
elongation but apparently no increase in 
the rate of divisions (fig. 4B). 

At 24 hours essentially no changes 
could be detected from application of 
2,4,5-trichlorophenoxyacetic acid in Car- 
bowax (fig. 5). Applied in lanolin, how- 
ever, this substance induced marked 
responses in the cambium and ray paren- 
chyma, with less in the phloem. Cells 
of the cortex, endodermis, pericycle, 
and pith, except for radial elongation, 
were relatively unchanged (fig. 5-B). 
The epidermis was unresponsive to all 
the compounds in these experiments. 

At 33 hours the responses were much 
more evident. Proliferation of endoder-. 
mis, cambium, phloem, and ray paren- 
chyma had continued, although at a 
greater rate in some stems (figs. 6^, 7B) 
than in others (figs. 6B, yA). In general, 
however, the early responses occurred at 
a more rapid rate in those stems to which 
the growth-regulating substances had 
been applied in lanolin as the carrier. 

At 72 hours the responses were similar 
to all the compounds (figs. 8 - 4 , -B, gAj 
B)y except 2-chlorophenoxyacetic acid, 
which commonly induced relatively little 
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response. The total amount of activity 
had been greater in the internodes to 
which 2,4-D and 2,4,5-trichlorophenoxy- 
acetic acid were applied, especially when 
lanolin had been used as the carrier. Defi- 
nite root primordia were not yet evident. 

At 144 hours the stems to which 2,4-D 
and 2,4,5-trichlorophenoxyacetic acid 
had been applied in Carbowax showed 
well-developed adventitious root pri- 
mordia (figs. loAy iiA)y but the stems to 
which the same substance had been ap- 
plied in lanolin had not developed root 
primordia (figs. iojB, iiB)y although 
some suggestions of root primordia 
showed (fig. iiB); 4-chlorophenoxyacetic 
acid had not stimulated root formation 
when applied in either carrier. The in- 
duced roots originated in the pith rays, 
where they may occur in one to several of 
the rays, as reported for their origin in 
the first internodes in the previous study 
(i)- 

Some second internodes to which 
4-chlorophenoxyacetic and 2,4-dichloro- 
phenoxyacetic acids were applied in 
Carbowax showed well-formed roots in- 
ternal to the cambium at 17 days follow- 
ing application of the mixtures (figs. 1 2A , 
13A). This development has not been re- 
ported heretofore for the bean following 
treatment with any growth-regulating 
substance, although it has been described 
for the tomato (2), Mirahilis (3), and 
Iresine (5). Roots external to the cam- 
bium were not induced by 4-chlorophe- 
noxyacetic acid applied in Carbowax (fig. 
12A), nor were well-formed normal-ap- 
pearing root primordia developed when 
this substance was applied in lanolin 
(fig. i2jB). In spite of the earlier marked 
proliferation following after the applica- 
tion of all these compounds in lanolin as a 
carrier, the Carbowax mixtures had in- 
duced greater total responses by the 
sixth day. This advantage was not lost 
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Fig. 4.--“Second mternode 24 hours after apical treatment with 
Carbowax, showing practically no induced activity; and B, in lanolin 
and phloem parenchyma and fairly pronounced activity in cambiu 
slightly more than B. 
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irnode 24 hours after apical treatment with 2,4,5-trichlorophenoxyacetic acid: ^ 4 , in 
le or no induced activity. in lanolin, showing activity beginning in endodermis 
a and greater responses in cambium and ray parenchyma. Pith and cortex apparently 
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Fig. 7.“-Second intemode 33 hours after apical treatment with 2,4-diehlorophenoxyacetic acid: 
Carbowax, showing only slight responses in endodermis, cambium, phloem, and ray parenchyma. B, 
lanolin, showing greater activity in all these tissues, especially in cambium and ray parenchyma. 
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Fig. io. — Second intemode 144 hours after apical treatment with 2,4~dichlorophenoxyacetic acid: A, in 
Carbowax. B, in lanolin. Stems treated with Carbowax mixture now show much greater responses, with well- 
developed root primordia in pith rays, while those treated with lanolin mixture have responded relatively 
little more than at 72 hours. (Cf. figs. 9 jB and lojS.) 
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Fig. 1 1. -—Second intemode 144 hours after apical treatment with 2,4,5-trichlorophenoxyacetic acid : ^ , in 
Carbowax. B, in lanolin. Tissues involved and their responses similar to those in fig. 10^ and respectively. 
What appears to be a developing root primordium at top center of B does not develop into a well-organized 
root (see fig. 14^). Endodermis and cortex chiefly crushed and dead in figs. 10^ and iiu 4 . 
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Fig. 13. Second internode 17 days after apical treatment with 2,4’‘dichlorophenoxyacetic acid: A, in 
Carbowax, showing well-organized internal adventitious roots and less well-organized ones external to 
cambium. B, in lanolin, showing marked proliferation throughout, except in central pith, pericycle, outer 

cortex, and epidermis, but with no adventitious roots developed. 
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Fig. i4.-~~Secondinternode 17 days after apical treatment with 2,4,5-trichlorophenoxyacetic acid: A, in 
Carbowax, showing well-organized adventitious root in each ray. B, in lanolin, showing considerable pro- 
liferation in ray and phloem parenchyma and smaller amount in cambium but with no definitely organized 
roots present. 



Fig. is.—Second internode 26 days after apical treatment with 2,4-dichlorophenoxyacetic acid in Carbo- 
wax: at 1%. JS, at 0.5%. Responses in general are nearly identical; protruded roots are similar, and 

numerous dead and disorganized areas are evident throughout much of both sections, including disorganized 
areas in roots also. 
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thereafter. All the internodes which plied to the bases of the heart-shaped 
showed roots protruded from the tumors leaves (i). Telemorphic effects were 
had had the phenoxy compounds ap- practically absent in the decapitated 
plied to them in Carbowax (figs. 13^1, plants. Generally neither stem curvature 
14A, i^A, B). Although considerable nor epinasty was shown by these plants, 
proliferation of various tissues had oc- and the responses were chiefly limited to 
I curred in the stems of the plants to which the upper 10-12 mm. of the treated in- 

the compounds had been applied in lano- ternodes and to the axillary shoots and 
lin, well-organized roots were usually not their leaves, except in those plants on 
induced, and none was ever extruded which the Carbowax mixtures melted and 
through the surface of the galls in these ran down along the surface of the first in- 
experiments (figs. 12B, 13B, 14B). * ternode and hypocotyl. Even in these 
» About 3 weeks after treatment the in- cases the responses were also less than in 

duced apical tumors began to dry and the plants to which these substances had 
die, showing slight shrinkage and wrin- been applied to the heart-shaped leaves, 
kling. There were no observable differ- Although the decapitated plants were 
ences between those resulting from 0.5% older at the time of treatment, and hence 
and 1% mixtures of the substances em- not so highly meristematic, this of itself 
ployed. Transections of tumors at 26 days scarcely seems sufficient to account for 
following application of 1% and 0.5% all the differences in responses. A factor 
2,4-D in Carbowax (fig. 15^, B) revealed of equal, or perhaps of even greater, sig- 
that almost identical responses had re- nificance may be associated with the 
suited and that both tumors were now translocation of organic food materials 
beginning to die. Epidermis and cortex from active photosynthetic regions, as 
were completely dead and crushed, the indicatedby the studies of Mitchell and 
core and outer portions of induced roots Brown (7). Little photosynthesis would 
showed dead and disintegrating tissues, occur in the decapitated second inter- 
and there were numerous localized areas node, and there would be comparatively 
in the phloem, rays, xylem, and pith little basipetal movement. Although this 
showing dead and disorganized cells. In a internode had comparatively few mature 
. - few days the tumors became dry and cells in it at the time of decapitation and 

/ : spongy, but none of the plants of these treatment, the responses were never the- 


experiments was killed as a result of the 
application of any of these phenoxy com- 
pounds, as had so generally resulted 
when 2,4-D and 2,4,5-trichlorophenoxy- 
acetid acid had been applied to the 
bases of the heart-shaped leaves (i). 

Discussion 

Responses to certain of the substituted 
phenoxy compounds in both Carbowax 
and lanolin when applied to decapitated 
second internodes of the bean were rather 
strikingly different from those which re- 
sulted when the same mixtures were ap- 


less generally restricted to the region 
near the distal end, except in those in- 
stances when the Carbowax mixtures 
melted and ran down the stems. In most 
of the latter cases the responses were 
greater, especially in the first in ternode 
and the hypocotyl, indicating that there 
may have been an association between 
the movement of the growth-regulating 
substance and the translocation of organ- 
ic food materials from the heart-shaped 
leaves attached at the distal end of the 
first internode. Light and temperature 
were apparently not differential factors 
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of significance in these experiments, since 
all plants of any set of experiments were 
grown under as nearly identical environ- 
mental conditions as could be managed. 

Summary 

1. Decapitated second internodes of 
the Red Kidney bean were treated with 
four of the substituted phenoxy com- 
pounds at 0.5% and 1% concentrations, 
using both Carbowax 1500 and lanolin as 
carriers. The gross responses were limited 
largely to the region at, and immediately 
below, the place of application of the 
mixtures and to the axillary shoots and 
their leaves, except when the Carbowax 
mixtures melted and ran down the plant 
axis, often over portions of the first inter- 
node and sometimes the upper portion of 
the hypocotyl. Swelling and often root 
development occurred under these areas. 
Development of axillary shoots was gen- 
erally retarded, and frequently their 
leaves were dwarfed, mottled, or other- 
wise deformed except following 2,4,s-tri- 
chlorophenoxyacetic acid. Application of 
2-chlorophenoxyacetic acid induced less 
response than any of the others. None of 
the compounds produced epinasty or 
stem curvature in these experiments, and 
none of the plants was killed as a conse- 
quence of the treatment. 

2. Studies of the histological responses 
were confined to the second internode. 
The early responses were most evident 
when lanolin was the carrier, but at 6 
days and subsequently the Carbowax 
mixtures induced greater responses. 

3. Responses occurred chiefly in the 
endodermis, cambium, phloem, and ray 


parenchyma. The inner cortical cells and 
the pith were responsive in some stems, 
especially following application of 2,4-di- 
chlorophenoxyacetic acid in Carbowax. 
Epidermis, outer cortex, and pericycle 
were generally unresponsive ■ to all the 
mixtures. 

4. Although some roots may develop 
internal to the cambium following treat- 
ment with 4-chloro- and 2,4-dichloro- 
phenoxyacetic acids, no well-formed 
roots external to the cambium were 
found following application of 2- or of 
4-chlorophenoxyacetic acids on any 
plants. Well-formed protruded roots 
were found only following treatment 
with 2,4-di- and 2,4,5-trichlorophenoxy- 
acetic acids in Carbowax. 

5. Differences in responses between 
the plants in this experiment and those 
in which the growth-regulators were ap- 
plied to the bases of the heart-shaped 
leaves may in part be associated with 
greater age of the decapitated plants 
when treated. A factor of much greater 
possible significance, however, may be 
the association of transport of the 
growth-regulating substances with the 
movement of organic foods. In the de- 
capitated plants little movement of or- 
ganic foods occurs in the decapitated sec- 
ond internode and little movement of the 
growth substance. This may possibly ac- 
count for the limited telemorphic effects 
in the decapitated plants as compared 
with the pronounced responses when the 
same substituted phenoxy compounds 
were applied to the bases of the heart- 
shaped leaves. 

University OF Chicago 
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REMOVAL OF 2 , 4 -DICHLOROPHENOXYACETIC ACID 
AND ITS CALCIUM SALT FROM SIX DIF- 
FERENT SOILS BY LEACHING^ 

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 578 
ROBERT W. HANKS 


Introduction 

Most reports to date on the use of 

2.4- dichlorophenoxyacetic acid (2,4-D) 
as a herbicide deal with spray application 
to vegetation. The selective nature of the 
substance has been well demonstrated. 
The direct treatment of soils with 

2.4- D in order to kill weed seeds and for 
other purposes is chiefly in the experi- 
mental stage. Published results of such 
experiments suggest that the length of 
persistence of the toxic effect is affected 
by soil type and management practice. 
There seems to be considerable variation 
in persistence of 2,4-D in soils: from less 
than 4 weeks in muck (3) to as much as 
18 months in soil stored in a relatively 
dry condition (s). The response of clover 
indicated a difference in the persistence 
of the acid in Rothamsted clay and Wo- 
burn sand (6). Kries (4) found a longer 
period of toxicity in soil to which lime 
had been added a few days prior to ap- 
plication of the acid than in unlimed 
soil; she noted, however, that additions 
of partially decomposed leaf mold at the 

^ This work was aided in part by a grant from the 
Dr. Wallace C. and Clara A. Abbott Memorial 
Fund of the University of Chicago. 


time of liming tended to reduce the de- 
gree and persistence of toxicity in the 
limed soil. Ball (i) reported that toxic 
effects of the acid were more pronounced 
in one of three soils tested than in the 
others, and for a longer period of time. 

2,4-Dichlorophenoxyacetic acid was 
more readily leached from soil than were 
other herbicides (2), although it is still 
unknown whether the disappearance of 
the toxic effect is due chiefly to leaching, 
to biological decomposition, to a chem- 
ical or a physical combination with com- 
ponents of the soil, or to all these causes. 

The purpose of the experiment here 
reported was to determine the relative 
rates at which 2,4-dichlorophenoxyacetic 
acid and its calcium salt could be leached 
from soils possessing different physical 
and chemical properties. The calcium 
salt was used in order to determine if 
it would be more persistent or less readi- 
ly leached than the acid; this possibility 
was indicated by Kries^s results (4) on 
limed soils. Acid and alkaline soils were 
tested in order to investigate further a 
possible relationship between soil re- 
action and persistence or degree of 
toxicity of the herbicides. 
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Methods 

The sources and some properties of 
the six soils which were tested are listed 
in table i. Soil pH was determined with 
the glass electrode, moisture equivalent 
by the centrifuge method. 

Each soil lot was thoroughly air-dried 
and passed through a i-inch screen in 
order to obtain a uniform maximum size 
of soil particles. A small aliquot of each 
soil was then removed to serve as a con- 
trol, receiving no chemical treatment. 
With the exception of soil F, half of each 
soil was treated with lime (CaCOs) at a 
rate approximately equivalent to 2000 
pounds per acre to a 6-inch depth. Be- 


or chloroform. Each batch of treated 
sand was air-dried and mixed to insure 
uniformity of this material used in treat- 
ing the soils. 

The sand-acid mixture and the sand- 
salt mixture were applied to the soils as 
follows: half of the limed and half of 
the nonlimed aliquots of each soil were 
treated with the sand-acid mixture to 
supply 20 p.p.m. by weight of the acid 
in the soil; the remaining aliquots of 
limed and nonlimed soils were treated 
with the sand-salt mixture to give ap- 
proximately 22.3 p.p.m. by weight of 
the calcium salt in the soil. Thus there 
was applied in equal weights that part of 


TABLE 1 


Soil 

Source 

Physical 

characterization 

pH 

Moisture 

equivalent 

A 

Beltsville, Md. 

Sandy 

3.8 

10.99 

B 

Lake Geneva, Wis. 

Silt loam 

7.7 

iS -57 

C 

Lake Geneva, Wis. 

Peat 

6.7 

135-04 

D 

Chicago, III. 

Clay loam 

8.4 

28.55 

E.. 

Gary, Ind. 

Sandy loam 

7.1 

15.23 

F 

Hurley, N.M. 

Sandy clay 

8.4 

25.50 


cause it was naturally alkaline, only a 
small aliquot of soil F was limed. The 
limed aliquots were placed in flats in the 
greenhouse and were kept moist (not 
leached) for 2 weeks to permit the reac- 
tion of the calcium with other con- 
stituents of the soil to approach equi- 
librium. 

In order to obtain a uniform distribu- 
tion of 2,4-D and its calcium salt within 
the soils, sand-herbicide mixtures were 
prepared quantitatively by pouring an 
ethyl alcohol solution of the acid and an 
ethyl alcohol mixture of the salt over 
pure quartz sand. It was necessary to 
use the alcoholic mixture of the calcium 
salt rather than a solution because the 
salt is insoluble in water, ethyl alcohol, 
diethyl ether, petroleum ether, acetone, 


the molecule of these herbicides which is 
considered to be responsible for their 
toxic effects (8). Thus, four conditions 
were obtained for each soil type: (i) 
lime with the acid, (2) lime with the 
calcium salt, (3) the acid without lime, 
and (4) the calcium salt without lime. 

After incorporating the sand-herbi- 
cide mixtures with the soils, 4-inch 
glazed crocks with side-hole drains were 
filled to a depth of approximately 6 
inches. Each drain had been covered 
with glass wool and fitted with a cork 
stopper and glass tube to facilitate col- 
lection of the leachate in Erlenmeyer 
flasks. There was a minimum of three 
pots of soil for each treatment of soil A; 
five or six pots were available for each 
treatment of the other five soil types. 
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The potted soils were placed in a base- 
ment laboratory in order that water loss 
by evaporation might be reduced to a 
minimum and to provide uniform tem- 
perature conditions. All pots were wetted 
initiallyj with the drains closed, with the 
equivalent of 4 surface-inches of water. 
This permitted each soil mass to become 
thoroughly wetted before any leachate 
was collected. In addition to the initial 4 
surface-inches of water, one-half of the 
pots in each soil treatment received the 
equivalent of 10 surface-inches of water 
over a 6-week period; the other half re- 
ceived the equivalent of 16 surface- 
inches in the same period. The 10 sur- 
face-inches of water were applied at the 
rate of i inch per week for the first 2 
weeks and 2 inches per week thereafter. 
The 16 surface-inches were added at the 
rate of 2 inches per week for the first 2 
weeks and 3 inches per week thereafter. 
The temperature in the laboratory was 
26° C. throughout the experiment. 

The leachate from each soil treatment 
was tested once a week for the presence 
of herbicide by a slight modification of 
the bio-assay developed by Swanson (7). 
In his method Swanson used hybrid 
field corn of the Silver King (Wisconsin 
no. 7) variety germinated for 48 hours 
in 6-inch Petri dishes. Twelve to fifteen 
seedlings with roots between 15 and 25 
mm, in length were then placed on filter 
paper in other 6-inch Petri dishes and 
moistened with 15 ml. of solution con- 
taining 2,4-dichlorophenoxyacetic acid. 
After 48 hours the increase in average 
root length of the seedlings in each dish 
was determined and expressed as a per- 
centage of the increase in average root 
length of control seedlings treated with 
distilled water. All germination and 
growth were in darkness at 26° C. Swan- 
son determined concentrations of the 


acid ranging from i/ioo p.p.m. to 2 
p.p.m. with only a 5% error. 

The bio-assay used in the writer’s ex- 
periment measured the relative toxicity 
of the leachates rather than the absolute 
concentration of the herbicide for which 
the test was devised originally. Swan- 
son’s method was modified by use of 
9-cm. Petri dishes, ten seedlings to the 
dish treated with 10 ml. of leachate. All 
other conditions, of the original method 
were unchanged. 

Results and discussion 

The results of the weekly bio-assays 
on leachates from soil samples leached 
with the equivalent of 10 and 16 surface- 
inches of water showed similar trends 
within each soil type. Therefore, only the 
results obtained from the application of 
the larger amount are reported graphical- 
ly (fig. i). The increase in average root 
length of seedlings grown in leachate 
from each soil treatment is expressed as 
a percentage of the increase in root 
length of seedlings grown in the leachate 
from untreated control soil of the same 
type. Each bar of the graph shows this 
percentage value obtained from the bio- 
assay of a single leachate. A block of six 
bars summarizes the results from a single 
soil treatment, each bar of a block, from 
left to right, representing the results of 
each successive week of the 6-week 
period. Percentage values much greater 
than 100 may be considered to indicate a 
stimulation in growth rate caused by 
the effects of the herbicide; those much 
below 100 show the relative degree of 
toxicity of the various leachates. 

The results of the bio-assays indicate 
no significant or consistent difference in 
the degree of toxicity, in comparable 
leachates, of the acid and of the calcium 
salt at the concentrations used. The cal- 



SOIL *E" SOIfF" 

Fig. I. — Percentage of corn-root elongation in leachate from each soil treatment based on its own control, 
indicating extent and rate of loss of herbicidal effect. Each bar of a block gives percentage value from bio- 
assay on single leachate. A block of six bars summarizes results from a single soil treatment, each bar from 
left to right representing results of each successive week of the 6-week period. Numbers below each block 
designate soil treatments: i, limed soil with 2,4-dichlorophenoxyacetic acid; 2, limed soil with calcium salt 
of 2,4-D; nonlimed soil with 2,4-D; 4 , nonlimed soil with calcium salt. 
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cium salt, or its reaction products, thus 
seems to be as soluble as the acid in the 
soil solution of the tested soils, although 
the calcium salt is insoluble in water, 
ethyl alcohol, diethyl ether, petroleum 
ether, acetone, or chloroform. In general, 
the addition of lime to the soils likewise 
seemed to produce no significant differ- 
ences in toxicity of leachates. In contrast, 
Kries (4) found a prolongation of toxic 
effects of 2,4“D in soil in the presence of 
added lime, although the soil she used 
was different from those tested by the 
writer. It may be, also, that the nature 
of the leachate from soil is such that the 
degree of sensitivity in the bio-assay is 
reduced. However, the toxic effects of the 
herbicides persisted longer in one of the 
naturally alkaline soils (F) than in any 
of the other soils tested. 

The bio-assay indicated that the 
leachate from soil C (peat) was relatively 
free of toxicity at the end of 2 weeks. 
Hamner et al. (3) reported that the toxic 
effects of 2,4-D in muck soil disappeared 
in less than 4 weeks; Kries (4) found 
that organic matter added to soil treated 
with both lime and 2,4-D reduced the 
period of toxicity. Thus it seems that 
organic matter in some way reduces the 
period of toxicity of these herbicides in 
soil. 

The cause of the great fluctuation in 
the results obtained during the first 3 
weeks with soil E is not known. With the 
fluctuation present in all four treatments 
of this soil, some unknown, and therefore 
uncontrolled, factor may have been 
operating in the control samples of that 
soil. 

The relative toxicity in the successive 
leachates from soil B decreased at a more 
uniform rate than in the leachates from 
the other soils. Soil C was apparently 
rendered relatively free of toxicity with 
as little as 4 surface-inches of water 


applied over a 2-week period, whereas 
toxic effects were still present in the 
leachate from soil F after treatment 
with four times as much water over the 
6-week period. Besides leaching, other 
factors, such as biological decomposi- 
tion, adsorption by colloidal systems in 
the soil, and chemical reactions forming 
non toxic compounds may be involved in 
reducing toxicity. 

At the end of 6 weeks of leaching 
treatment, all pots were moved to the 
greenhouse, and the soil was allowed to 
dry for 5 days. The soil from each pot 
was then mixed in such a manner that, 
when returned to the original pot, the 
portion that had been at the bottom was 
uppermost. Thus, any herbicide which 
had not been removed by leaching from 
the bottom layers of soil was immediate- 
ly in contact with germinating seeds. 
Each pot was planted with ten red kid- 
ney beans to determine any residual ef- 
fects of the herbicide. 

This test indicated that soil F was the 
only soil from which all toxic effects due 
to the herbicide had not yet disappeared, 
thus confirming the results of the bio- 
assay. In this soil, the toxic effects were 
found to be greater in those pots which 
had been leached with only 10 surface- 
inches of water than in those leached 
with 16 inches. The toxicity did not af- 
fect the percentage of germination and 
was shown chiefly in the malformation 
and mottled appearance of the primary 
and first trifoliate leaves. 

Summary 

1. Six soils with a wide range in pH 
and in physical properties were treated 
with lime, 2 ,4-dichlorophenoxy acetic 
acid, and the calcium salt of the acid in 
such a manner as to obtain four condi- 
tions for each soil. 

2. The treated soils were leached with 
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water at rates equivalent to 10 and 16 
surface-inches over a 6-week period. The 
leachates were collected and tested 
weekly with a corn-seed bio-assay to de- 
termine relative toxicities. 

3. The bio-assays indicated that the 
leachates from soil C (peat) were rela- 
tively non toxic at the end of 2 weeks and 
that those from all soils except soil F 
(naturally alkaline) were relatively free 
of the herbicides at the end of 6 weeks. 
There were no significant differences in 
the degree of toxicity and its persistence 
in limed as compared with unlimed 
samples within each soil type or in that 
of the calcium salt versus the acid. 

4. At the end of 6 weeks, the bottom 


half of each soil mass was tested for resid- 
ual toxic effects by the germination of 
red kidney beans. This test indicated 
that soil F was still somewhat toxic from 
the treatment and that the samples of 
this soil leached with 10 surface-inches of 
water were more toxic than those leached 
with 16 surface-inches of water. All other 
soils were then free of the toxic effect of 
the herbicide. 

The author wishes to express gratitude 
to Dr. Charles E. Olmsted for advice 
and close interest in the problem. 

Department oe Botany 
University of Miami 
Coral Gables, Florida 
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HISTOLOGICAL RESPONSES OF BEAN PLANTS TO 
NICOTINE AND TO WOUNDING 
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Introduction 

Nicotine is one of the well-known 
plant alkaloids, a group of compounds 
which have been used in many different 
types of experiments. Some of these al- 
kaloids possess medicinal properties, and 
many are intensely poisonous, their ef- 
fect depending in part upon the concen- 
tration used. According to Macht and 
Davis (12), nicotine is very toxic not 
only for animal but also for living plant 
protoplasm. They recorded inhibition of 
root growth of Lupinus alhus in i : 5,000 
solutions of various forms of nicotine. 
Likewise, when Eisler and Portheim 
(5) soaked certain seeds in o.i-o,4% 
nicotine solutions, tobacco failed to ger- 
minate and buckwheat seedlings were in- 
jured. In contrast, Sonnenschein (20) 
found that growth was stimulated when 
soybean seeds were soaked in a 0.2% so- 
lution for 24 hours. He also noted that 
nicotine in combination with atropine or 
with colchicine induced polyploidy. Ne- 
MEC (17) described certain effects of nico- 
tine upon cell division in root tips of the 
pea. From experiments with young corn 
plants grown in nutrient solutions con- 
taining nicotine tartrate (m/ioo to 
m/i 0,000), Wms et al. (22) reported that 
nicotine was harmless to the plants. 

The application of nicotine sulphate 
as an insecticide has been a widespread 
horticultural practice for nearly two cen- 
turies. In 1940 Martin (13) stated that 
no record could be found of any damage 
to plants caused by the nicotine itself in 
washes and dusts used as insecticides. 


During greenhouse fumigation experi- 
ments with concentrations of nicotine as 
high as 30-60%, Richardson et al. (18) 
observed no apparent injury to crops of 
lettuce, tomato, and various other plants. 
More recently Withrow and Biebel 
(24) reported that young leaves of Biloxi 
soybean showed chlorosis after exposure 
to a 14% nicotine fumigant. However, 
they suggested that other products in the 
fumigation process may have been in- 
volved. 

Experimentation with nicotine as a 
growth-regulating substance was report- 
ed by Traub (21) in 1938. He tested 
over one hundred different compounds 
for their effectiveness in promoting the 
initiation of roots in cuttings of several 
different subtropical plants. In compari- 
son with other substances tested, nico- 
tine in a 0.01% solution was rated in the 
highest degree of superiority. This placed 
it in the same category as 0.02% indole- 
butyric acid, which Traub considered 
the most useful of the compounds tested. 

Material and methods 

The present report on nicotine is a 
continuation of the series of experiments 
(Sj 7t 8, 9, 10, 15, 23) on the histological 
response of bean plants {Phaseolus ml- 
garis var. Red Kidney) to various growth 
regulating substances. Methods were 
similar to those described for the earlier 
experiments. Observations and collec- 
tions of material were made at various in- 
tervals up to 30 days after decapitation. 
The specimens were preserved in Nava- 
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shin’s -solution, imbedded by the butyl al- 
cohol-parafhn method, sectioned at lo- 
1 5 and stained in a modified triple 
stain. The nicotine was obtained from 
the Eastman Kodak Company. 

Four different lots of bean plants were 
used. Because histological examination 
of the first lot showed marked similarity 
between treated and control plants, the 
original experiment was repeated and ex- 
tended with greater consideration given 
to control plants and natural wound re- 
sponse. 

Lot I. — These plants were grown in 
the greenhouses of the Bureau of Plant 
Industry, Soils and Agricultural Engi- 
neering, United States Department of 
Agriculture, Beltsville, Maryland, in 
May and June, 1939. Young plants of 
uniform size with the first trifoliate leaf 
unfolding were decapitated near the apex 
of the lengthening second internode. The 
treated plants, the greater part of the 
lot, received an application of 2% nico- 
tine in anhydrous lanolin smeared over 
the cut surface. Some of the control 
plants were only decapitated; on others, 
lanolin alone was applied to the cut sur- 
face. 

Lot II. — This experiment, in general a 
repetition of the first, was conducted in 
the greenhouses of the University of 
Chicago in May and June, 1946. The 
number of control plants equaled that of 
plants treated with nicotine. One half of 
the latter received an application of 2% 
nicotine in lanolin; the other half, 3% 
nicotine in lanolin. Control plants were 
treated in two ways: simple decapitation 
and decapitation plus an appliGation of 
lanolin. 

Lot III.— Plants from lot II were used 
for further experimentation in wound re- 
sponse of control material. In each plant 
the second internode of the strongest axil- 
lary branch, which developed after the 


removal of the main stem, was decapi- 
tated. One half of these branches re- 
ceived no further treatment; the other 
half, an application of lanolin only. 

Lot IV. — ^This lot of material was de- 
rived from an experiment in which bean 
plants were decapitated in the upper 
portion of the hypocotyl 7 days after 
planting. No further treatment was giv- 
en, and collections were made at various 
intervals after decapitation. Doutt (4), 
in her study of the anatomy of the bean 
plant, considered the upper portion of 
the hypocotyl similar in structure to the 
stem except for the tangential arrange- 
ment of the primary xylem (fig. 15^). 

Observations 
Gross responses 

Lot I.- — ^The response of the two lots 
of plants treated with nicotine differed 
considerably in degree but not in kind. In 
lot I treatment with 2% nicotine induced 
a strong response, and a well-defined 
tumor was formed. The following de- 
scription of gross response is based on 
observation of this first lot of material in 
which treatment was more effective. 

The gross response of the decapitated 
stem to 2% nicotine indicates that only 
the uppermost and peripheral portions 
of the tip were obviously stimulated by 
treatment with nicotine. Visible response 
was initiated slowly. By the 3d day the 
apex showed a central depression in the 
pith and a slight flaring of the outer tis- 
sues. This outward flare extended down 
the stem less than i mm. By the 5th day 
the central cavity had deepened and was 
lined with injured or suberized pith cells. 
Occasionally, the xylem tissues at the 
margin of the cavity stood up as a slight 
ring or crown. Tissues outside this xylem 
ring were flared outward to a depth of 
j .5 mm., and the stem tip had broadened 
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to twice its original diameter. The outer- 
most tissues were then at right angles to 
the stem axis and gave the apex the ap- 
pearance of a flat nailhead with a hol- 
lowed center. After the 7th day the stem 
below the cut surface changed little in 
appearance. 

Proliferation of the flared stem tissues 
in the formation of the tumor was evi- 
dent above the original level of the cut 
surface by the 5th day. The most rapid 
growth occurred between the 5th and 7th 
days and was followed by a period of 
gradual enlargement. In later stages the 
rate of growth appeared to diminish, but 
increase in size was noted until observa- 
tions were discontinued at the end of 30 
days. At this time a large tumor meas- 
ured 13 mm. in transverse diameter and 
8 mm. in length. In early stages of 
growth the proliferation was pale in 
color. Within a few days the tumor be- 
came light green, succulent in appear- 
ance, and finely tuberculate over the sur- 
face. Later growth was accomplished by 
maturation, and older tumors appeared 
firm and compact. Portions of the surface 
were brown where cells were suberized. 
In shape the tumor was flat across the 
top with the peripheral portions growing 
downward and closely encircling the 
stem (figs. SB) gA). These marginal areas 
showed the greatest growth and, in later 
stages, formed the larger part of the 
tumor. The central cavity was a char- 
acteristic feature and became partially 
filled or overgrown by proliferating tis- 
sues in older stages. The tumor was gen- 
erally symmetrical as compared with the 
irregular tumors induced by such sub- 
stances as indoleacetic acid. At no time 
was there evidence of the presence of 
root primordia. 

Only brief observations were made of 
control plants grown in lot I. Decapitat- 
ed stem tips, receiving no further treat- 


ment, occasionally developed small tu- 
mors. Those which received an applica- 
tion of lanolin showed consistently great- 
er response, although no large tumors 
were formed. There was irregularity in 
the form of these tumors and in the de- 
gree of response. In one plant treated 
with lanolin a tumor which formed with- 
in 7 days after treatment was larger than 
some formed during 20 days^ growth in 
other instances. 

Lot II. — ^In this lot plants treated 
with 2% nicotine failed to show the vigor 
of response of the earlier experiment, and 
small irregular tumors were formed. 
Plants treated with 3% nicotine more 
nearly reached the degree of response 
evident in lot I. 

Since particular emphasis was placed 
on control plants in lot II, observations 
of gross responses were more complete for 
this group. However, conditions for 
growth were apparently less favorable 
than with lot I. Simple decapitation of 
the second internode rarely induced 
tumor formation. The cut surface be- 
came brown and dry, and some shrinkage 
of the tissues occurred at the apex. Be- 
low the apex the tissues remained firm 
and green for a period of 3-4 weeks after 
decapitation. Following this period, yel- 
lowing became apparent in many stem 
tips, and they died back | inch or more. 
In the lanolin-treated plants paling of 
the surface was marked, but the surface 
itself remained fresh in appearance. Gen- 
erally a slight flaring of the tissues was 
detectable at the cut surface by the end 
of the 3d day. Further development was 
unpredictable. Often no more prolifera- 
tion or callus formation was evident. In 
some plants tumors developed in 7-12 
days (fig. ii^); in other plants a similar 
size was not attained until 27-31 days 
(fig. iiB). These tumors were irregular in 
form, and frequently only one sector of 


WHITING & MURRAY— BEAN 


19s 


1946] 


the stem tip was involved (fig. iiC). No 
large tumors were observed. 

Lot III. — In this lot the decapitated 
second internode of the axillary branch 
received treatment comparable with con- 
trol material in the first two lots. How- 
ever, the diameter of the axillary branch 
was greater and the tissues appeared to 
be more mature; the response was like- 
wise greater in degree. Branches which 
were simply decapitated showed a dark- 
ening and drying of the surface; in those 
which received an application of lanolin, 
the cut surface appeared fresh and suc- 
culent under this covering. In both cases 
slight yellowing and flaring of the stem 
tip were detectable by the 2d day. En- 
largement continued, and by the 5th-7th 
days it was clearly evident that the re- 
gion of growth was a band of proliferat- 
ing tissue lying between the outer tissues 
and the xylem. The xylem appeared as a 
distinctive ring or crown of darkened 
tissue, and the center of the stem was 
somewhat sunken and dried. Further 
growth changed the pattern but little. 
The band of proliferating tissue in- 
creased in width to form a broadly flared 
tumor which abruptly tapered down- 
ward to the diameter of the unaffected 
stem. Such tumors might reach a width 
of 6™7 mm. across and 4-5 mm. in length 
at the end of 2 -^ weeks. There was no 
growth of peripheral portions of the 
tumor downward to encircle the stem, 
such as was noted for nicotine treat- 
ment. 

Lot IV. — ^The response in this lot, 
composed of decapitated hypocoty Is, was 
similar to that of the axillary branch of 
lot III. The broadly flared stem tip 
showed the band of proliferating tissues, 
the protruding crown of matured xylem 
elements, and a central cavity resulting 
from the disintegration of pith. 


Histological responses 
Nicotine. — ^The following detailed 
description of the histological responses 
of bean to nicotine is based upon a study 
of the first lot of plants. Nicotine, as ap- 
plied in this experiment, induced re- 
sponses only in the uppermost levels of 
the stem. The greatest proliferation oc- 
curred within i mm. of the surface of ap- 
plication; below this level the response 
diminished in degree and extended be- 
yond 2-3 mm. only in the endodermis 
and in the cambium. Response varied 
from plant to plant, but these differences 
were more evident in the rate of reaction 
than in the pattern of response. 

The epidermis and the cortical paren- 
chyma were frequently injured at the 
cut surface and were limited in their re- 
sponse. Epidermal cells immediately be- 
low the injured ones might enlarge 
slightly and by the 3d day undergo one 
or two transverse divisions (fig. lA), 
Further response consisted of the usual 
growth to allow for expansion of internal 
tissues. The downward extent of response 
in the cortical parenchyma was generally 
less than 0.5 mm. below the cut surface. 
Enlargement and proliferation of the 
cells were evident by the 3d day (fig. lA) 
and continued through the 5th day. The 
degree of proliferation varied consider- 
ably from none at all to divisions in vari- 
ous planes in the upper cells (fig. 2). 
These divisions did not, however, con- 
tribute to the proliferation of a tumor 
above the cut surface. 

The endodermis was more sensitive 
than the cortical parenchyma. By the 3d 
day^fig. i^, C) endodermal cells down 
to about I mm. were enlarged, and pro- 
liferation was initiated in the upper- 
most cells. Maximum development was 
reached by the 5th day. Because of the 
outward flaring of tissues at the stem 
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Fig. I. Decapitated second internodes, 3 days after treatment with 2% nicotine in lanolin. A, longi- 
section: ep, epidermis; en, endodermis; pc, pericycle; phi, primary phloem; phi, secondary phloem; ca, cam- 
bium; V, vessel; xyi, primary xylem. Initial proliferation of cells of endodermis, phloem parenchyma, and 
meristematic zone (cambium and its undifferentiated derivatives) ; a few divisions in epidermis; peric3^cle 
crushed; pith inactive. B, transection, 0.3 mm. below cut surface. Epidermis and cortex injured; pericycle 
over bundle crushed; parenchymatous cells of phloem and rays enlarged. Note characteristic elongation of 
xylem parenchyma encircling mature vessels. C, same stem as B, 0.5 mm. below cut surface. Endodermal 
cells enlarged radially. (Material for figs. 1-9 taken from lot 1.) 
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Fig. 2,— Longisection, 5 days after treatment with nicotine: xjz, secondary xylem; o ww., approximate 
level of cut surface as determined by severed vessels, outer tissues having been deflected dovt^nward. At 
apex proliferation of cortical parenchyma, endodermis, phloem parenchyma, and meristematic zone. Below 
cut surface enlargement and division of endodermal cells; pericycle crushed; secondary phloem sieve tubes 
and companion cells recognizable within short distance of cut surface. Meristematic zone very active and 
forming wedge-shaped area of proliferated tissue, which is torn from inactive secondary xylem at stem tip. 
Central pith disintegrating. Levels a, c, d similar to transections in flgs. 3 and 4. 




Fig. 3.— Transections, 5 days after treatment with nicotine. A, just below surface of application: /, 
secondary xylem layer of fibers. Outer segment proliferated mainly from meristematic zone* inner segment 
bordered on outer margin by fiber layer (/) and composed of inactive xylem, inner portion of ray, and pith 
tissues. Compare with level a, fig. 2. B, same stem, 0.5 mm. below cut surface. Marginal proliferated tissue 
derived from primary phloem parenchyma (tissues from pericycle outward deflected below this level); 
secondary phloem sieve tubes appearing as dark patches; wide band of proliferated tissue in meristematic 
zone; layer of secondary xylem fibers differentiated around stem; cells of inner portion of ray and xylem 
parenchyma adjacent to matured vessels much enlarged; central pith disintegrating. Compare with level b, 
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Fig. 4.~~Transections, 5 days after treatment, same stem as fig. 3. i mm. below cut surface: ray. 

Outermost cells enlarged cortical parenchyma; endodermal derivatives forming broadband because of out- 
ward deflection at stem tip; pericycle conspicuously crushed over bundles; wide band of proliferating cells in 
meristematic zone; outer portion of ray {rax) keeping pace with meristematic zone by means of cell enlarge- 
ment and a few divisions; many cells of inner portion of ray greatly enlarged; layer of fibers interrupted 
across some rays. Compare with level c, fig. 2. J 5 , same stem, 1.5 mm. below cut surface. Endodermah cells 
enlarged radially and a few divided tangentially; initiation of vascular bundle {vh) from derivatives of endo- 
dermis, occurrence infrequent. Pericyclic cells crushed {pc^ or maturing as fibers {pc^. Meristematic zone 
not so wide as at higher levels. Compare with level d, fig. 2. 
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Fig. 5. — ^Longisections of decapitated stem treated with nicotine. Aj 7 days: tr, tracheid. Early stage in 
development of tumor derived mainly from upward proliferation of meristematic zone; outermost tissues 
cut off by crushed pericycle. Beginning of maturation in derivatives of meristematic zone evident in differ- 
entiation of tracheids (tr) immediately centrad to cambium (ca). B, 16 days. More mature stage in develop- 
ment of tumor, showing layer of tracheids derived from cambium below original level of treated surface. 
Differentiation of vascular strands in tissue proliferated above treated surface. Levels a, b, c corresponding 
approximately to transections in figs. 6^, 8B, respectively. 






Fig. 6. — Transections of stem, 12 days after treatment with nicotine. Aj at cut surface. Outer region 
highly meristematic periphery of tumor. Enlargement and slight proliferation of tissues centrad to secondary 
xyiem layer of fibers (/); greater activity in rays lacking fiber layer (rai). Compare with level a, fig. 5.5. 
B, same stem, 0.5 mm. below cut surface. Pith inactive. Parenchyma cells of xyiem and ray centrad to fiber 
layer responding mainly with enlargement. Outside fiber layer radial rows of cells are vascular tissue differ- 
entiated from meristematic zone and deflected to horizontal position. Cells in remaining (outer) portion of 
tumor maturing generally as parenchyma; some continuing activity to form vascular bundles ; others 
enlarged, divided, and collapsed; a few at periphery remaining meristematic. Compare with level 6, fig. 5B. 
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Fig. 7. — Transections of same stem as fig. 6, 12 days after treatment. A , i mm. below cut surface. Endo- 
dermal cells enlarged radially and a few dividing; many pericyclic cells crushed (pCx) but some maturing 
into fibers (PC2). Derivatives of meristematic zone differentiated as phloem and as xylem tracheids; narrow 
meristematic layer including cambium (ca ) ; ray cells maturing as parenchyma. B, same stem, 1.5 mm. below 
cut surface. Response similar to that at i mm. Secondary phloem, which matured before treatment is 
crushed (^^2). Compare with transection of stem in fig. 8 B. 













Fig. S.—Transections of tumors, 19 day s after treatment with nicotine. A , immediately below cut surface. 
Irregular proliferation at periphery results in tuberculate surface. Vascularization more advanced than in 
fig. 6B. B, I. s mm. below cut surface. Overhanging portions of tumor closely formed about stem axis in 
center. Compare with level c, fig. ^B. Tumor parenchymatous and highly vascularized (dark patches). 
Response in stem evident in wide band of tissues differentiated from meristematic zone. 
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Fig. 9. — Longisection of apical tumor, 21 days after treatment with nicotine. A, growth of tumor in 
outward and downward directions; central cavity partially filled by overgrowth. detail of A. Vascular 
complex of tumor directly connected with vascular tissues in stem. Note general maturation of proliferated 
tissues as parenchyma, except for vascular bundle originally differentiated from meristematic zone (see 
fig. sA) and now considerably enlarged through activity of cambium. 











Fig. io. — Decapitated stem from lot I, 20 days after treatment with lanolin only. At cut surface epidermis 
and cortical parenchyma injured; enlargement and slight proliferation of endodermal and pericyclic cells. 
Phloem parenchyma enlarged and proliferated; marked activity in cambium and adjacent undifferentiated 
ceils (meristematic zone); segments of immature xylem vessel conspicuously enlarged. Superficial tumor 
formed mainly from surface proliferation of phloem, meristematic zone, and unlignified xylem tissues. Trans- 
verse phellogen forming in pith. 




Fig, 1 1 . —Decapitated stems from lot II, treated with lanolin only. , longisection, 9 da3^s. Development 
of superficial tumor similar to fig. 10. Transverse phellogen lacking. B, longisection, 27 days. Although con- 
siderably older, tumor similar to fig. i lA in extent of development. C, transection about 0.5 mm. below cut 
surface, 27 days: p, phellogen. Inequality of response over cut surface shown in proliferation of small callus 
at left, evidence of collapse of tissues at upper right, and formation of phellogen (p) in lower right sector. 
Note relatively immature stage in development of stem tissues and absence of secondary xylem fiber layer, 
characteristic of material in lot II. 



Fig. 12,-— a. , longisection of second internode from lot I, 7 days after decapitation, cut surface untreated. 
Superficial tumor derived mainly from activity in meristematic zone. Comparable in development to fig. 10. 
Traces of transverse phellogen. B, longisection of axillary branch from lot III, 9 days after decapitation, 
cut surface untreated. Proliferation of callus mainly in meristematic zone lying between well-developed 
secondary xylem and secondary phloem. Some proliferation in endodermis. As compared with A, greater 
proliferation of callus associated with greater activity of stem. 
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Frc. 13. — i\xil]ary branches from lot III. A, longisection, 12 days after decapitation and treatment with 
lanolin only: par, parenchyma. Outer tissues inactive, except for slight proliferation in endodermis. Lignified 
pericyclic fibers showing no response. Proliferated, wedge-shaped meristematic zone lying between mature 
secondary phloem and secondary xylem and composed of vascular strands {vh) and parenchymatous tissue 
{par). B, detail of transverse section of axillary branch at time of decapitation. Mature stage of development 
shown in secondary tissues and heavily lignified pericyclic fibers. Compare with fig, i iC, 
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Fig. 14. — Transections of decapitated axillary branch from lot III, 9 days after treatment with lanolin. 
A, near cut surface through apical portion of callus. Outer tissues proliferated from phloem parenchyma 
and meristematic zone. Vascularization resulting in complex of bundles (?;&). Inner cylinder consisting of 
secondary xylem formed before treatment and disintegrating pith. B, same stem, at level comparable to 
lowest level of fig. 13^. Little response in outer tissues; derivatives of meristematic zone (between ph^ and 
a;y2) matured as vascular tissue or as parenchyma (^ar). 









Fig. 15.— 4 , transection of hypocotyl below cotyledonary node. Mature stage of development, showing 
stemlike arrangement of tissues except for tangential arrangement of primary xylem (xy,). B, longisection of 
h3?^pocotyl from lot IV, 25 days after decapitation, cut surface untreated. Marked proliferation in endodermis; 
othenvise, development of callus similar to that in other control material. Note similarity to fig. 5/I of ma- 
terial treated with nicotine. 










^ Fig. 16— Longisection of hypocotyl, 15 days after decapitation, cut surface untreated. Wedge of pro- 
liferated tissue derived from meristematic zone lying between phloem and xylem formed in axis before treat- 
ment. Broad, upper portion proliferating to form outward flaring callus. Derivatives in proliferated area 
matured as: parenchyma; small vascular bundles (z>6i) scattered among parenchymatous cells; a well- 
defined vascular bundle formed along outer margin of callus and continuous with vascular tissues of 
axis. 
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tip, the orderly pattern of response is 
most clearly seen in longitudinal sections 
(figs. 2, s^). Just below the cut surface 
was a zone of cells dividing in irregular 
planes. At lower levels divisions were 
limited to the tangential plane, and the 
derivatives appeared in successive rows, 
two to six cells deep. At still lower levels 
of response (between 2-3 mm.) was a re- 
gion of simple radial enlargement. The 
endodermis did not form a highly meri- 
stematic layer and only infrequently ini- 
tiated vascular tissue (fig. 4^). Gener- 
ally, the derivatives matured as paren- 
chyma. Little or none of the tumor was 
derived from the endodermis, although in 
some plants a few dividing cells at the cut 
surface might be associated with the 
proliferation of the much more active 
inner tissues (fig. gB) . 

The response of pericycle to treat- 
ment with nicotine was influenced by the 
thickness of the cell walls at the time of 
decapitation. If the uppermost pericyclic 
cells were immature at this time, they 
might enlarge and become indistinguish- 
able from adjoining tissues or they might 
be crushed beyond recognition (fig. 2). 
If these cells were partially matured, 
they were frequently crushed and by the 
5th day appeared as a conspicuous dark 
line in both longitudinal (fig. 2) and cross 
sections (figs. 4^, 5 , 7^, jB). In the lat- 
ter, this crushed pericycle was clearly 
evident between 0.5 and 1.5 mm., espe- 
cially over the bundles. At lower levels 
some of the pericyclic cells persisted un- 
crushed, and their walls thickened slight- 
ly. At increasing distance from the cut 
surface there was the usual maturation of 
fibers. The pericycle appeared to take no 
part in the formation of the tumor. More- 
over, when the pericycle was crushed in 
the upper levels, outer tissues might be 
cut off from participation in tumor for- 
mation (fig. ^A). 


Response in the upper levels of pri- 
mary phloem parenchyma consisted of 
cell enlargement and divisions in various 
planes. This proliferation was like that of 
the cortical parenchyma, but it was 
greater in amount and contributed to the 
outward flaring of the stem tip. Enlarge- 
ment and proliferation continued 
through the 5th day, the response finally 
extending to about 1.5 mm. below the 
cut surface (fig. 2). The derivatives ma- 
tured as parenchyma. At the cut surface 
continued proliferation produced a small 
part of the peripheral portion of the tumor 
(fig. gA,B). 

Cells of the secondary phloem paren- 
chyma, especially those in the phloem 
rays, responded in a manner similar to 
the primary phloem parenchyma. En- 
largement and proliferation of the cells 
occurred in the upper levels and were 
completed by the sth day. Sieve tubes 
and companion cells showed little activ- 
ity and could be readily identified to 
within a few cells of the cut surface (fig. 
2), although these sieve-tube groups 
might be disarranged by the activity of 
intervening phloem rays. As a secondary 
consequence of the proliferation of tissues 
centrad to the secondary phloem, sieve 
tubes and companion cells matured pre- 
vious to decapitation might be crushed. 
This crushing became noticeable about 
the 9th day and, by the 12th day, re- 
sulted in patches of collapsed cells (fig. 
75). These were distinct at i mm. and 
extended to 2.5 mm,, below the cut sur- 
face. Derivatives of secondary phloem 
became indistinguishable from those of 
the primary phloem in forming peripher- 
al portions of the tumor above the cut 
surface. 

The greatest degree of proliferation in 
response to treatment with nicotine was 
in the zone between mature secondary 
phloem and mature secondary xylem. 


1946 ] 


WHITING & MURRAY—BEAN 


213 


a region consisting of the cambium and 
the undifferentiated cells lying on either 
side of the cambium. Proliferation of 
these tissues resulted in an area of active 
tissue which is designated the meriste- 
matic zone. Cells of those portions of the 
interfascicular rays abutting the cam> 
bium and its derivatives likewise pro- 
liferated so that this zone was continuous 
about the stem (figs, 4A). 

Proliferation in the meristematic zone 
was quickly initiated after treatment. 
By the 3d day cells in the uppermost lev- 
els had undergone divisions in various 
planes and had formed an irregular mass 
of tissue (fig. lA), Between 0.5 to 1.5 
mm. below the original level of the cut 
surface the undifferentiated derivatives 
were enlarged, often in a radial direction, 
and there was an increased number of 
cambial derivatives. By the 5th day a 
broad region of highly meristematic, 
generally proliferating, tissues had been 
formed at the stem tip (fig. 2). At lower 
levels this became a wide zone of radially 
arranged, apparently multinucleate cells. 
During the period of greatest prolifera- 
tion successive divisions appeared to be 
so rapid that cell wall formation did not 
keep pace with nuclear division. When 
wall formation was completed later, the 
multicellular nature of the zone was 
clearly evident. With increasing distance 
from the cut surface the number of cell 
divisions and the width of the meri- 
stematic zone diminished. This zone was 
conspicuously wide at T mm. (fig. 4A) 
and much narrower (fig. 4.B) but still evi- 
dent at 2 mm. Activity in the meriste- 
matic zone resulted in the formation of a 
wedge-shaped ring of tissue (fig. 5A, B) 
which contributed largely to the outward 
flaring of the stem tip. 

Below the original level of the cut sur- 
face maturation of cells in the meriste- 
matic zone began in 6 or 7 days and was 


first evident in the formation of relatively 
small, narrow, slightly elongated, reticu- 
lately thickened tracheids. Differentia- 
tion, as observed in longisections, was 
initiated along the curve of the outward 
flaring of the stem tip (fig. 5^). Outside 
this initial layer of tracheids the cells re- 
mained meristematic and formed an ac- 
tive and readily identified cambium. 
Cambial divisions resulted in addition- 
al tracheids so that by the i6th day a 
well-defined layer of tracheids was 
formed, often ten cells deep (figs. 5B, gA, 
B ) . Outside the cambium a narrow layer 
of new phloem was differentiated (fig. 
7H, B). At the lowest levels of response 
this layer of tracheids was adjacent to 
the xylem formed before treatment, and 
the newly formed xylem and phloem tis- 
sues merged with the new secondary tis- 
sues of unaffected portions of the stem. 
At the upper levels the proliferated tis- 
sues centrad to the tracheid layer general- 
ly matured as parenchyma. In the apical 
portions of the meristematic zone which 
proliferated above the original level of 
the cut surface, those cells near the 
periphery remained meristematic and 
proliferated actively to form the major 
part of the tumor. 

Response of the xylem was dependent 
upon the formation and maturity of the 
cells at the time of decapitation. The 
degree of maturity varied from stem to 
stem and within a single stem. The first 
layer of secondary xylem differentiated 
in the bean stem consisted of fibers (4). 
In some of the treated stems this layer 
of fibers was matured almost continuous- 
ly around the stem ; in others it was inter- 
rupted across the rays or lacking over 
wide sectors (fig. 6H, J 3 ). Mature fibers 
and dignified vessels formed the ring or 
crown of xylem at the cut surface (fig. 
2). These cells and elements showed little 
change following decapitation, except 
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that the very dark color resulting from 
the staining process suggested some 
change in chemical constitution. Because 
of differential activity, the tissues of the 
meristeniatic zone were frequently torn 
from this xylem layer. In the early stages 
of response this split might extend as far 
as 0.5 mm. below the cut surface (figs. 
2, 3^4). If the vessel segments, tracheids, 
and fibers were immature at the time of 
treatment, they might participate in the 
general apical proliferation. Somewhat 
below the cut surface (about 0.5 mm.) 
these immature elements often became 
enlarged; their cell walls were greatly 
stretched and in places might even be 
ruptured (figs. 3B, 4^4). Cells of the 
xylem parenchyma adjacent to the ves- 
sels often enlarged, and in transection 
they formed a striking pattern encircling 
the vessels (fig. iB, C). Frequently, the 
nucleus lay at the end of the parenchyma 
cell nearest the vessel. Response in the 
xylem parenchyma was evident by the 
3d day. It might extend downward to 
2 mm. 

The interfascicular ray may be di- 
vided at the layer of fibers into an outer 
and an inner portion, the outer portion 
responding as part of the meristematic 
zone. At the cut surface the cells prolifer- 
ated, and their derivatives became indis- 
tinguishable from those of the adjoining 
tissues (fig. 3.4). At slightly lower levels, 
however, cells in this outer portion of the 
ray enlarged, especially in a radial direc- 
tion. They might undergo a few tan- 
gential divisions, but no interfascicular 
cambium was formed. The derivatives 
matured as parenchyma. The large size 
of these cells distinguished the rays from 
other tissues proliferated in the meri- 
stematic zone (fig. 4A). 

Response in the inner portion of the 
ray varied with the presence or absence 
of a layer of fiber. In general, when the 


fiber layer was present, only a few ray 
cells enlarged and underwent occasional 
divisions (figs. 3B, 4A). If the fiber layer 
was absent, the ray cells responded more 
generally with enlargement and division, 
especially those cells in close proximity 
to the meristematic zone (fig. 6 A). The 
response in the inner portion of the ray 
appeared by the 3d day, and little change 
took place after the sth day. The down- 
ward extent of the response varied; gen- 
erally it was about i mm. At the cut sur- 
face the cells were frequently injured in 
treatment and did not participate in the 
formation of the tumor. 

The cells of the pith showed no tend- 
ency to proliferate but began to collapse 
near the cut surface by the 3d day. This 
effect extended downward, and by the 
5th day disintegration commenced in the 
center of the stem (fig. 2). Collapse of the 
pith resulted in a central depression char- 
acteristic of the gross aspects of the 
tumor. In older stages collapse of the 
pith might reach a depth of i .5 mm. The 
central depression frequently became 
partially filled with tissue proliferated 
from the meristematic zone (fig. gA), 

The tumor was derived from the fol- 
lowing tissues: a slight amount from the 
endodermis; a small part, mainly in the 
lateral portion, from primary and second- 
ary phloem parenchyma; and a major 
portion from the highly responsive meri- 
stematic zone. That portion of the tumor 
which was above the cut surface resulted 
from the proliferation of these tissues. 
Upward growth was not distinct until 
the sth day (fig. 2) and was pronounced 
by the 7th day (fig. sA). The tumor in- 
creased in size for several weeks. The 
peripheral portions were small-celled and 
meristematic. In inner portions the tis- 
sue was parenchymatous (fig. 9A). Some 
cells might become very large and crush 
adjacent cells. The large cells might un- 
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dergo division, but often the walls were 
fragile and collapsed (fig. 6B). Vascular- 
ization was evident by the 12 th day and 
was mainly a differentiation in apposi- 
tion to the numerous vascular strands 
from the stem below. A complex system 
of branching vascular strands resulted. 
These were composed of short reticulate 
tracheids, narrow cambial-like cells, and 
small phloem-like elements. As matura- 
tion of the tumor proceeded, vasculari- 
zation occurred in the peripheral por- 
tion, marginal cells lost their meri- 
stematic character, and exterior cells be- 
came suberized (figs. 5B, 8A,gA,B). 

No root primordia were observed in 
the material studied. The endodermis, 
the rays, and adjacent tissues did not 
reach a degree of proliferation and or- 
ganization suggestive of the develop- 
ment of root histogens. 

Histological examination of the stem 
tips treated in lot II confirmed early ob- 
servation of gross material. The tumors 
formed as a result of treatment with 2% 
nicotine were small, while those formed 
after treatment with 3% nicotine were 
larger but not so vigorous as tumors in 
lot I. Both concentrations of nicotine 
produced tumors histologically .simila r to 
those already described in detail for 
lot I. However, associated with the 
weaker response of lot II was a lesser ma- 
turity of the stem tissues. This difference 
somewhat modified the appearance of 
proliferation at the stem tip. Especially 
significant was the absence of strongly 
developed xylem. The meristematic zone 
was not so clearly set off, and the ring or 
crown of protruding xylem elements was 
lacking at the cut surface. 

Control.- In the plants considered 
as controls the character of the response 
was consistent, despite differences in age 
and portion of plant involved (figs. i iC, 
13.B, 15A) and variations in time and ex- 


tent of response. The limited prolifera- 
tion observed in the stem tips of lots I 
and II (figs. 10, iiA, B, 12A) represented 
the initial stages of callus formation. In 
lots III and IV (figs. 12B, 13A, 15B, 16) 
proliferation advanced beyond these 
initial stages to the formation of a well- 
developed callus or tumor. The presence 
of lanolin on the cut surface tended to in- 
duce a greater degree of response than 
that which occurred in simply decapi- 
tated stem tips of comparable material. 
Because wound response in the control 
material was markedly similar to re- 
sponse following treatment with nicotine, 
a brief description of the former will 
suffice. 

In the outer tissues of the stem the re- 
sponse was slight. The epidermis was 
injured, and the uppermost cells might 
undergo transverse divisions or otherwise 
show adjustment to internal expansion. 
The uppermost cells of the cortical paren- 
chyma might be injured or might prolif- 
erate slightly (fig. 16). The endodermis 
varied considerably in the degree of re- 
sponse. It might show almost no change, 
particularly in cases of weak response of 
the stem tip (figs. 10, iiA, B, 12A). In 
other plants there might be character- 
istic radial elongation and tangential di- 
visions of the endodermal cells. A layer 
several cells deep might result from these 
divisions (figs. 13A, isB, 16). With very 
vigorous response a highly meristematic 
tissue was formed. The pericycle followed 
the pattern described for the nicotine 
treatment : at upper levels it might prolif- 
erate slightly (fig. 10) or be crushed (fig. 

1 2B) ; at lower levels it matured as the 
usual fibers (fig. 14B). 

The vascular and ray tissues respond- 
ed in much the same manner as in plants 
treated with nicotine. At upper levels the 
parenchymatous cells of the primary and 
secondary phloem enlarged and prolifer- 
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ated to form the outer portions of the 
tumor or callus (fig. 14^!). Matured sieve 
tubes and companion cells changed little 
and were readily identified in the enlarg- 
ing stem tip. xAgain the activity of great- 
est significance in the formation of the 
wound callus or tumor was that of the 
cambium and adjacent undifferentiated 
tissues. The resulting meristematic zone 
was most active at the upper levels of the 
stem tip and gradually narrowed at lower 
levels to blend indistinguishably with 
normal secondary growth (fig. 16). As 
seen in longisection, this meristematic 
zone appeared as a wedge of proliferated 
tissue, with its narrow point lying be- 
tween mature secondary phloem and sec- 
ondary xylem and its broad portion form- 
ing the outward flaring callus or tumor 
(fig. 16). Maturation of this proliferated 
tissue occurred as in nicotine treatment. 
At levels below the original cut surface a 
cambium could be identified toward the 
outer or centrifugal side of the wedge. 
Activity of this cambium resulted in the 
formation of new phloem on the outside 
and new xylem tracheids on the inside. 
These tracheids were characteristically 
short, re ticulately dignified, and often 
radially arranged. The remaining cells 
of the meristematic zone matured as pa- 
renchyma or differentiated scattered vas- 
cular bundles. The periphery of the tu- 
mor above the original level of the cut 
surface (fig. isB), however, tended to re- 
main meristematic and to continue pro- 
liferation with proportionate increase in 
the size of the tumor. 

The pith and the xylem formed pre- 
vious to decapitation showed little ac- 
tivity. Lignified xylem elements at the 
stem tip protruded as the ring or crown 
visible in gross observations (figs. 13^, 
16). Immature or parenchymatous cells 
of the xylem, especially in younger stems, 
might enlarge and proliferate slightly 


near the cut surface (fig. 10). The cells of 
the pith generally collapsed following de- 
capitation, although in younger stems a 
transverse phellogen might form (figs. 
10, iiC, 12^). 

Discussion 

In the present experiment the response 
of control bean plants to decapitation 
conformed to the description of wound 
response and callus formation summa- 
rized by KtiSTER (ii) for plants in gen- 
eral. A dominant role was assigned to the 
cambium in the formation of a wedge- 
like ring of callus tissue for which Ktis- 
TER used the term ^Tohden-wedge’' as 
originally given by Hartig. Kuster 
stated that the activity of the pith and 
phloem was variable, although in some 
plants the latter was scarcely less active 
than the cambium. He likewise noted the 
inequality of response over different 
parts of the cut surface, Schilberszky 
(19), in more detailed studies of wound 
response in species of Phaseolus, also de- 
scribed the formation of a strong callus 
from the region of the cambium. Under 
special conditions of wounding, he re- 
corded the formation of a meristematic 
layer derived from the endodermis and 
producing well-developed extrafascicular 
bundles. This degree of development was 
not attained in the specimens of the pres- 
ent study. 

In both the plants treated with nico- 
tine and those considered as controls, the 
degree of response differed considerably 
from lot to lot. These differences are 
ascribed to factors in the environment or 
to the nutritive status of the plant. Both 
ScHiLBERSZKY and KtisTER have noted 
the significance of such factors as mois- 
ture and food supply in causing variation 
in the degree of natural wound response. 
Flint and Moreland (6) reported strik- 
ing differences in natural wound tumors 
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under varying conditions of humidity 
and light. The experiments of Bausor 
(1), Beal ( 2 ), and Mitchell and Brown 
(14) have shown the interrelationship be- 
tween the reaction to growth-regulating 
substances and the nutrition of the plant. 
In the present experiment environmental 
factors, such as light, were more favor- 
able for the nutrition and growth of 
plants in lot I than for those in lot II. 
The significance of age was apparent 
among control plants, in which response 
was greater in the axillary branch and 
hypocotyl than in the young stem tip. 
On the basis of histological observations 
of all the lots, greater response was asso- 
ciated with vigorous growth and a great- 
er maturity of stems. 

It is difficult to evaluate the position 
of nicotine as a growth-regulating sub- 
stance. Nicotine in the form of nicotine 
sulphate has been repeatedly applied in 
great dilution as an insecticide with no 
apparent effect on the plant. Experi- 
ments in which nicotine has been sup- 
plied to the plant in nutrient solution 
have produced results which have ranged 
from toxicity to stimulation. As a result 
of experiments with rooting, Traub (21) 
placed nicotine in the same category as 
the highly stimulative indolebutyric 
acid. Yet in the series of histological 
studies on bean, nicotine differs mark- 
edly from the response described by 
Hamner and Kraus (7) for indolebutyric 
acid, both in the character of the tumor 
and in the absence of root primordia. 
Root formation also separates response 
with nicotine from response with indole- 
acetic acid, naphthaleneacetic acid, 
a-naphthalene acetamide, and some sub- 
stituted phenoxy compounds. Response 
with nicotine was more like that with 
tryptophane and tetrahydrofurfuiyl bu- 
tyrate, in which root primordia were ab- 
sent, and with phenylacetic acid, in 


which root formation was infrequent. 
However, root formation cannot be con- 
sidered an absolute criterion in evaluat- 
ing responses. Not only has Traub re- 
corded root formation with nicotine — 
under different circumstances and with 
different plant material — but also recent 
observations with various concentrations 
of indoleacetic acid (16) indicate that the 
presence or absence of root primordia 
may be dependent upon the concentra- 
tion of growth-regulating substance used. 

The pattern of response induced by 
various growth-regulating substances, 
the degree of proliferation, and the type 
of maturation in the tissues separate re- 
sponse to one growth-regulating sub- 
stance from response to another sub- 
stance. Particularly significant are the 
tissues showing the greatest degree of ac- 
tivity. With nicotine this was the area of 
the cambium, designated the meriste- 
rnatic zone. The pith was highly respon- 
sive to indoleacetic and indolebutyric 
acids and less so to naphthaleneacetic 
acid. AU three resulted in conspicuous ac- 
tivity in the endodermis, the phloem, and 
the rays. Application of a-naphthalene 
acetamide caused a marked increase in 
strongly lignified secondary xylem. With 
phenylacetic acid and with tryptophane, 
activity appeared to be greatest in the 
phloem^ and endodermis with the devel- 
opment of weU-defined vascular bundles, 
especially with tryptophane. Tetrahy- 
drofurfuryl butyrate induced a response 
similar in some ways to that resulting 
from nicotine. With tetrahydrofurfuryl 
butyrate the cambium was greatly ac- 
tivated in the production of xylem, but 
there was proliferation of xylem paren- 
chyma and pith at later stages. 

The response induced by nicotine in 
the present experiment most closely re- 
sembled that resulting from wounding. 
In both responses the greatest prolifera- 
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tion occurred in the meristematic zone 
originating from the cambium and ad- 
jacent undifferentiated tissues. Tumor 
formation and vascularization were also 
essentially alike. However, there were 
differences in the two responses. Nico- 
tine not only considerably augmented the 
amount of response beyond that which 
occurred naturally under comparable cir- 
cumstances but it also induced a re- 
sponse under conditions where the nat- 
ural response failed to occur. With nico- 
tine, tumor formation proceeded at a 
predictable rate. With natural wound re- 
sponse a tumor might be formed in 7 
days, 21 days, or not at all. These prop- 
erties of nicotine may be considered sig- 
nificant: nicotine induces a response his- 
tologically similar to wound response, 
and it has the capacity to induce re- 
sponse in greater degree and with greater 
certainty than in comparable cases of 
natural wounding. 


face; {c) pericycle crushed or maturing as 
fibers; (d) general proliferation of phloem 
parenchyma at cut surface ; sieve tubes 
little changed; (e) greatest activity in 
cambium and adjacent undifferentiated 
cells forming a meristematic zone and 
resulting in a wedge-shaped area of 
proliferated tissue; at the apex this tissue 
continued to proliferate to form a major 
portion of the tumor; derivatives ma- 
tured as parenchyma or as a complex of 
vascular bundles, the largest of which lay 
along the outer margin of the wedge and 
were continuous with the vascular tissues 
of the stem axis; (/) in the xylem no ac- 
tivity in the lignified elements; some en- 
largement of the parenchyma; (g) outer 
portion of rays proliferated as part of 
the meristematic zone; mainly cell en- 
largement in inner portions; {h) pith in- 
active and soon disintegrating; (i) tumor 
above the treated surface derived mainly 
from the derivatives of the meristematic 



Summary 

1. Nicotine, applied in lanolin to the 
decapitated second internodes of young 
Red Kidney bean plants, induced a well- 
defined response with the formation of 
a superficial tumor at the stem tip. 

2. The tumor was fiat-topped with 
peripheral portions growing downward 
and closely encircling the stem. The sur- 
face was finely tuberculate. There was no 
evidence of root primordia. 

3. Histological characteristics were as 
follows: (a) slight proliferation of cortical 
parenchyma at cut surface; (6) enlarge- 
ment of endodermal cells with several 
tangential divisions near the cut sur- 


zone; small, peripheral portions from 
proliferation of the phloem. 

4. Observations of wound response 
were made on decapitated axes of various 
parts of bean plants. Young decapitated 
stems responded with weak, irregular 
tumors or failed to form any callus. 
Hypocoty Is and decapitated older branch 
axes responded with well-defined callus 
formation. 

5. The histological character of wound 
response in the bean conformed to that 
reported for plants in general. 

6. The response to nicotine showed 
greater similarity to wound response 
than to responses described for various 
growth-regulating substances. 
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EFFECTS OF PRE-STORAGE TREATMENT OF HARDWOOD AND 
PINE SEEDLINGS WITH a-NAPHTHALENEACETIC ACID 

ROGER D. WAY AND T. E. MAKl* 


Introduction 

Although forest tree seedlings usually 
are planted within a few days after lift- 
ing from the nursery bed, storage of 
stock frequently becomes necessary 
when, for instance, fall Hfting for early 
spring planting is desirable, or when 
planting of lifted stock is delayed by 
such circumstances as a prolonged period 

^ Formerly Research Assistant and Forester, 
respectively, Northeastern Forest Experiment 
Station, U.S. Forest Service, Philadelphia, Pa. 


of bad weather or a shortage of labor. 
The principal objective of storage is to 
maintain dormancy or to hold growth to 
a minimum without injury to, or de- 
terioration of, the stock. Where re- 
frigerated storage is available, this prob- 
lem is seldom acute, but where common 
storage facilities, such as an unrefrigerat- 
ed cellar or shed, or outdoor heeling- in, 
must be relied upon, the length of time 
over which stock can be held without 
deterioration is definitely limited. 
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In current methods of seedling storage, 
emphasis has been placed primarily upon 
proper control of temperature and hu- 
midity in the storage chambers (i, 3, 7)* 
Though those factors undoubtedly are 
of paramount importance, recent ad- 
vances in the practical application of 
growth-regulators to various fields of 
plant culture have spurred hope that 
these chemicals might also prove helpful 
for maintaining or prolonging dormancy 
of seedlings in storage. Recent studies 
(4, 5, 6) have shown that shoot growth 
of seedlings, both in the field and in 
storage, can be inhibited by use of vari- 
ous growth-regulators. Accordingly, sev- 
eral experiments were undertaken at the 
Beltsville Forest Laboratory"* to deter- 
mine the practical utility of growth- 
regulator treatments for prolonging the 
time that tree seedlings can be held in 
common storage. The present paper sum- 
marizes the results from tests with 
naphthaleneacetic acid. 

Review of literature 

Marth’s (s) extensive work on roses 
is the first published study known to the 
writers that deals with growth-regulator 
treatments of woody plants in storage. 
He found that naphthalenemethylace- 
tate, naphthaleneethylacetate, andnaph- 
thaleneacetonitrile, applied either as va- 
por or as spray in proper concentrations, 
inhibited top growth and conserved the 
starch reserve of the stock during stor- 
age. When outplanted, stock treated 
prior to storage showed increased root 
growth, delayed top growth, but, at the 
end of the season, greater total shoot 
growth than untreated plants. In the 
vapor state the most effective concen- 
trations of chemical were o.3”0.4 mg./cu. 
ft. of treatment chamber; optimum peri- 

® A branch of the Northeastern Forest Experi- 
ment Station, near Laurel Md. 


ods of exposure were about 16 hours at 
32°, 4 hours at 40®, or i hour at 70° F. 
Concentrations of vapor above optimum 
caused injury; concentrations below op- 
timum stimulated shoot development in 
storage. For use as a spray Marth rec- 
ommended a concentration of 0,01% in 
0.25% wax emulsion. The most striking 
effects of the treatments were in prevent- 
ing deterioration of stock in common 
storage; however, they also improved the 
field performance of stock kept in con- 
trolled cold storage. 

In a series of exploratory experiments 
begun in the autumn of 1942 at the 
Beltsville Forest Laboratory, Ostrom (6) 
obtained highly promising results with 
hardwood stock held in unrefrigerated 
storage for late planting. Both vapors 
and sprays of naphthalenemethylacetate 
largely prevented development of etio- 
lated shoots of white ash. Dormancy was 
prolonged for a month or more indoors 
but for only short periods in an outdoor 
heeling-in bed. Root initiation in these 
two types of storage was stimulated both 
above and below the root collar. Vapors 
and sprays on white ash held in unre- 
frigerated storage improved field sur- 
vival. Treated stock, kept fully dormant 
in cold storage and planted late, showed 
a temporary delay in leafing-out and 
higher survival in the plantation than 
untreated stock. 

The experiments discussed in this pa- 
per were in general a continuation and 
expansion of Ostrom’s work.^ 

Material and methods 

The present study was designed to de- 
termine the effects of method of applica- 

3 These experiments were conducted in co-opera- 
tion with the Hormone Project of the Bureau of 
Plant Industry, Soils and Agricultural Engineering. 
Special thanks are due Dr. Charles L. Hamner, 
who prepared the chemicals and assisted in treating 
and storing the stock, 
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tion and of concentration of naphtha- 
leneacetic acid as an agent for prolonging 
dormancy of hardwood and pine seed- 
iings in common storage. It involved two 
separate schedules of pre-storage treat- 
ments and . two field plantings. In the 
first experiment, tests were made of the 
effects of three methods of applying the 
growth-regulator (emulsion-dip, vapor, 
aerosol) on seedlings of black locust 
{Robinia pseudoacacia L.) and loblolly 
pine {Pinus taeda L.). The second ex- 
periment tested the effects of a range of 
concentrations of the growth-regulator, 
applied in emulsions only, on seedlings 
of red oak {Quercus borealis var. maxima 
Marsh.) and red pine (P. resinosa Ait.) . 
Limited quantities of suitable stock 
necessitated using different species for 
the two phases of the study. Both plant- 
ings were in an infertile sandy loam soil 
of an abandoned field. 

Treatment effects were determined on 
the basis of seedling response in terms of 
prolongation of dormancy, survival, 
vigor, and terminal growth. 

Investigation 

Experiment I. Method oe 

APPLICATION 

The efficacy of emulsion-dip, vapor, 
and aerosol methods of growth-regulator 
applications were compared. For the 
emulsion-dip method, in which lanolin 

5 gm./l. of water was used as the 
growth-regulator carrier, preparation 
consisted first of dissolving naphthalene- 
acetic acid in melted lanolin in propor- 
tions to give concentrations of loo and 
500 mg. of the acid per liter of emulsion. 
Then the lanolin-acid mixtures were 
emulsified in the required amounts of 
water, using monoethanolamine stearate 
at 10 gm./l. as the emulsifying agent. A 
third emulsion, prepared as above except 


that no growth-regulator was added, 
served as a check of carrier effects. A 
fourth, with the same concentration of 
lanolin but emulsified with laundry soap 
at 10 gm./l., provided a comparison of 
the effects of emulsifying agents. In 
treating by the dip method, bundles of 
seedlings were immersed, tops down, in- 
to the liquid to the level of the root col- 
lars, were gently agitated to assure com- 
plete coverage of all twigs and foliage (of 
pines), and then were removed and al- 
lowed to drain a few minutes before pack- 
ing for storage. 

^ In the vapor method alcoholic solu- 
tions of naphthaleneacetic acid were va- 
porized on a hot plate in an airtight 
chamber containing the bundles of seed- 
lings. The latter were exposed to the 
vapors for 16 hours at about 70° F. at 
concentrations of 0.4 and 0.6 mg./cu. ft. 
of chamber space. Control seedlings of 
the vapor series provided the only un- 
treated group in the test. 

Aerosol treatments were applied by 
the method used by Hamner, Schomer, 
and Goodhue (2). The aerosol mixture 
consisted of 1% naphthaleneacetic acid 
dissolved in 10% cyclohexanone (a mu- 
tual solvent for the hormone) and 89% 
dimethylether (b.p. = 27° C.), which is 
a liquefied gas and develops 89-90 Ib./sq. 
in. pressure at room temperature and 
thereby disperses the hormone through a 
capillary jet, forming an aerosol. The 
aerosol was released into an airtight 
chamber containing the bundles of seed- 
lings. As with the vapor treatments, con- 
centrations of the growth-regulator were 
0.4 and 0.6 mg./cu. ft. of space, and ex- 
posure was for 16 hours at about 70° F. 
Control seedlings of the aerosol series 
were exposed to a similar aerosol mix- 
ture containing no growth-regulator. For 
both vapor and aerosol treatments seed- 
ling roots were packed in damp sphag- 
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num wrapped in burlap to prevent dry- 


Results 


ing during the treatment period. Black locust.— Seedlings of the first 

The stock used in these tests was planting, when removed from storage on 
i-year-old black locust and loblolly pine, May lo, were still almost completely 
lifted, respectively, on April i and April dormant. Only a few buds had elongated 
10. For each species, 2000 seedlings were as much as an inch. In contrast, seedlings 
sorted into eighty uniform bundles of removed from storage 13 days later 
twenty-fiveseedlingseach.Thisprovided (May 23), during which time tempera- 
four replications for each treatment. The tures in the house ranged between 60° 
complete array of treatments consisted and 67° F., had grown remarkably. Some 
of three methods of application (emul- shoots were 2.5 feet long. Of the several 
sion-dip, vapor, and aerosol) X three growth-regulator treatments, only the 
levels of naphthaleneacetic acid (none, emulsion with 500 mg. of naphthalene- 
medium, and high) X two planting dates acetic acid per liter had inhibited growth 
(May^ 12 and May 25), plus one soap- sufficiently to be readily evident upon 
emulsion dip treatment for each planting casual inspection, 
date, making a total of twenty treat- The number of shoots over half an inch 



ments per species. 

Treatments by all three methods were 
applied on April ii, 12, and 13, 1944. 
The bundles of seedlings were packed 
immediately after treatment into bushel 
baskets with moist sphagnum around 
the roots and were placed in common 
storage. The storage house was a half- 
cellar of masonry walls below ground 
level and insulated frame construction 
above ground, with an adjustable venti- 
lator in the roof. Temperatures in the 
house during storage gradually rose as 
follows: April 12, 51°; April 22, 53°; 
May 10, 60^ ; May 22, 65°; and May 23, 
6 f F. 

The first planting was made on May 
12 and 13 and the second on May 25 
and 26. The plantation arrangement con- 
sisted of four randomized blocks, each 
split into two plots assigned at random 
to the two species. The twenty treat- 
ments were randomized row-wise within 
each plot. Rows were 3 feet apart, each 
containing twenty-five seedlings spaced 
2 feet apart. Planting was done by the 
slit method, using a standard type of 
tree planting bar. 


long was counted on each seedling in the 
first planting on May 15 and on each 
seedling in the second planting on May 
29. The mean numbers per seedling were, 
respectively, 1.8 and 3.7; the mean dif- 
ference of 1.9 is significant at the 1% 
level. Thus, the extra 13 days in storage 
had resulted in a marked increase in 
number as well as in length of shoots. 
Effects of the treatments on number and 
total length of shoots on seedlings of the 
second planting are shown in table i. 
Treatment effects on the first planting 
were generally similar to those on the 
second planting. Seedling response to the 
soap emulsion was not different from 
that produced by the monoethanolamine 
stearate emulsion. 

Inhibiting effects of naphthaleneacetic 
acid on shoot production were in propor- 
tion to its concentration except in the va- 
por method, where the medium level, for 
some obscure reason, inhibited shoot pro- 
duction more than the high level. The 
high-level emulsion was particularly ef- 
fective. However, the lack of shoots may 
have been due to outright killing of leaf 
primordia rather than to true inhibition 
of shoots. 
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Survival of seedlings was recorded on 
July 6 and November 4, 1944, and on 
May 18, 1945. Since treatment effects 
were practically identical in the three 
tallies, only those shown in the last tally 
are discussed. Neither the method of 
application nor concentration of the acid 
caused any significant differences in sur- 
vival. However, planting dates had a 

TABLE 1 

Inhibiting effects of pre-storage treat- 
ments WITH NAPHTHALENEACETIC ACID ON 
shoot growth of BLACK LOCUST SEEDLINGS 
HELD IN COMMON STORAGE, APRIL 12- 

May 23. Seedlings planted May 25, ex- 
amined 4 DAYS later. BASIS; lOO SEEDLINGS 
PER MEAN 


Method of 
application 

Concentration 
of acid 

Mean no. 
of shoots 
over 1 
inch long 
per 

seedling 

Mean to- 
tal shoot 
length 
per 

seedling 

(in.) 

Lanolin 


0 

4. 2 

29.8 

emulsion . . 


100 mg./l. 

3-9 

28.7* 



[500 mg./l. 

2.6t 

23 -lt 




4.0 

34-5 

Vapor 


0.4 mg./cu. ft. 

3 - 3 * 

27 . 5 t 



[0.6 mg./cu. ft. 

3-8 

28.4* 



0 

4.0 

34‘9 

Aerosol 


0.4 mg./cu. ft. 

3-7 

25. of 



[0.6 mg./cu. ft. 

3-7 

21. if 


* Inhibiting effects significant at s% level, 
t Inhibiting effects significant at i% level. 


highly significant effect. Seedlings plant- 
ed May 12 and May 25 showed average 
survival of 92.4% and 76.4%, respec- 
tively. The mean difference of 16.0% is 
significant at the 1% level. 

In general, seedling vigor and growth 
were closely correlated with survival. 
Vigor was rated according to an arbi- 
trary scale as excellent, good, poor, and 
very poor. The average proportions of 
seedlings in excellent vigor on July 6, 
1944, were 64.8% for the early and 
19.6% for the late planting. The mean 


difference of 45*2% is significant at the 
1% level. Neither methods of applica- 
tion nor levels of naphthaleneace tic acid 
had any significant effect .011 over-all 
seedling vigor. The treatments, however, 
did influence survival and vigor of the 
long, etiolated shoots which had devel- 
oped on seedlings of the May 25 planting 
during the latter part of the storage pe- 
riod. Though most of these spindly 
shoots became green and persisted for 
some time after planting, many of them 



Fig. I. — Effect of naphthaleneace tic acid in 
preventing development of spindly shoots on black 
locust seedlings held in common storage for 6 weeks, 
then planted on May 25, 1944: left, untreated seed- 
lings; right, seedling tops dipped into 0.5% lanolin 
emulsion containing 100 mg. of acid per liter. Note 
dead spindly shoots on untreated seedling’s. Photo 
taken July 26, 1945. 

died later in the season (fig. i). All 
growth-regulator treatments and even 
emulsion alone tended to increase both 
the percentages of spindly shoots remain- 
ing alive and, especially, the percentages 
displaying excellent vigor (table 2) . 

Both shoot elongation and foliage de- 
velopment were, like survival and over- 
all vigor, unaffected by the growth- 
regulator treatments but were strongly 
influenced by date of planting. At the 
end of the first growing season, total 
lengths of new growth were significantly 
greater for the early than for the late 
planting, despite the in-storage develop- 
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ment of etiolated shoots up to 2.5 feet 
long on the late-planted series. Thus, by 
the end of the first season, the early 
planting was definitely superior not only 
in quality but also in amount of new 
shoot growth. On May 18 of the second 
season (1945), mean seedling heights 
were 18. i inches for the early and 14.5 
inches for the later planting. On the same 

TABLE 2 

Effect of pre-storage treatments with 

VARYING CONCENTRATIONS AND METHODS 
OF APPLICATION OF NAPHTHALENEACETIC 
ACID ON SHOOT GROWTH OF BLACK LOCUST 
SEEDLINGS HELD IN STORAGE. PLANTED 
May 25, EXAMINED July 6. Basis: ioo seed- 
lings PER MEAN 


Method of 
• application 

Concentration 
of acid 

Spindly 

shoots 

living 

(%) 

Spindly 
shoots in 
excellent 
vigor 
'(.%) 

Lanolin 
emulsion . . 


0 

IOO mg./l. 

^500 mg./l. 

63.2 

72.2 

73 -21 

30.0* 

32.8* 

25.2* 

Vapor ...... 


f 0 

,0.4 mg./cu. ft. 
[0.6 mg./cu. ft. 

58.0 
69.2 
75 - of 

12 . 5 

24.5* 

25.0* 



Aerosol 


f . 0 

0,4 mg./cu. ft. 
,0.6 mg./cu. ft. 

42. 2f 
68.2 

78. 2* 

10.8 

30.5* 

40.0*^ 


* Benefits significant at i % level, 
t Benefits significant at s% level. 
t Harmful effects significant at 5 % level. 


date, 79-2% of the early planted seed- 
lings showed good foliage development 
(ten or more well-developed leaves per 
plant) as against 55.6% for the later 
planting. These differences in height and 
foliation are statistically significant at 
the 1% level. 

Loblolly pine.— Measurements were 
made of the lengths of terminal buds on 
all loblolly pine seedlings 3 and 4 days 
after the first and second plantings, re- 
spectively. Planting dates had a highly 
significant effect on bud elongation dur- 


ing storage. Mean terminal bud length in 
the May 12 planting was 0.83 inch and in 
the May 25 planting, 0.94 inch. The 
mean difference of o.ii inch is significant 
at the 1% level. The growth-regulator 
treatments, except for the high-level va- 
por, did not retard bud elongation in 
storage in any consistent manner (table 

TABLE 3 

Effects of pre-storage treatments with 

NAPHTHALENEACETIC ACID ON MEAN 
LENGTH AND VIGOR OF TERMINAL SHOOTS OF 
LOBLOLLY PINE SEEDLINGS. BASIS: 200 SEED- 
LINGS PER MEAN (BOTH PLANTING DATES 
COMBINED) 


Method of 
application 

Concentration 
of acid 

Mean 

terminal 

bud 

length 

(in.) 

Seedlings 
with vig- 
orous 

terminal 

buds 

(%) 

Lanolin 
emulsion . . 


0 

IOO mg./l. 

,500 mg./l. 

0.91 

.90 

.89 

66.5 

41.0* 

3.0* 

Vapor 


0 

0.4 mg./cu. ft. 
,0.6 mg./cu. ft. 

•93 

.88 

•79t 

63.0 

79. of 
78. of 



Aerosol ..... 


0 

0.4 mg./cu. ft. 
0.6 mg./cu. ft. 

.84 

.93 

0.92 

80. 5§ 

70.0 

64.0 


* Harmful effects significant at i % level, 
t Vigor benefits significant at s% level. 
t Inhibiting effects significant at 5 % level. 

§ Vigor benefits significant at i % level. 

3). The apparent retardation in the 
aerosol-o lot may represent chance vari- 
ation or possibly indicates inhibitory 
effects of the carrier which were neutral- 
ized or counterbalanced in the other two 
lots by possible stimulating action of the 
growth-regulator. 

The number of seedlings showing 
vigorous growth of terminal buds a few 
days after planting was not affected by 
planting date. The chemical treatments, 
however, exerted some marked effects on 
bud vigor (table 3), the acid in emul- 
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sions being injurious, the other treat- 
ments being either neutral or in some de- 
gree beneficial. 

Survival of loblolly pine seedlings was 
recorded on May 16, June 29, and No- 
vember 6, 1944, and on June 19, 1945. 
Although survival was less for each suc- 
ceeding tally, treatment relationships un- 
derwent no substantial changes; hence, 
results of only the last observation are 
discussed. 

During the month of May when the 
plantings were made, the rainfall was 
nearly 2 mches below, and the mean 
temperature was 6.0° F. above, the 35- 
year average. These abnormally dry-and- 
hot weather conditions resulted in severe 
mortality of loblolly pine. Winter mor- 
tality, though some occurred, was not 
unduly high. 

As with locust, planting dates had a 
highly significant effect on survival of 
loblolly pine. Average survival of seed- 
lings planted May 12 was 32.8%; for 
those planted May 25, 22%. The mean 
difference of 10.8% is significant at the 
1% level. 

Results of growth-regulator treat- 
ments upon survival are shown graphi- 
cally in figure 2. The most striking fea- 
ture is the highly injurious effect of the 
chemical when applied in emulsions. Re- 
sults with aU other treatments were sug- 
gestive of beneficial or injurious tenden- 
cies, but only the 0.4-mg. concentration 
in vapor showed enough difference from 
controls to be recognized statistically; 
that difference barely attained signifi- 
cance at the 5% level. A reasonably close 
parallel is evident between the figures on 
bud vigor (table 3) and on survival 
(fig. 2). 

By mid-May of the second season, 
mean height of seedlings in the early 
planting was significantly greater (at 
the 1% level) than in the late planting 


(10.8 vs. 9.0 in.). Accurate evaluation of 
other treatment effects on height was 
rendered difficult because of the heavy 
losses and resultant unequal weightings 
of means. The growth-regulators in 
emulsions unquestionably had retarded 



• EMULSION J I VAPOR — I L AEROSOL- 


Fig. 2. — Effect of method of application and of 
concentration of naphthaleneacetic acid on survival 
of i-year-old loblolly pine seedlings (planting dates 
combined). Zero level in vapor series is only un- 
treated group since zero level in other two series 
represents carriers, aerosol (cyclohexanone and di- 
methylether) and lanolin emulsion, respectively. 

growth; for all other treatments no ap- 
preciable differences in growth were ap- 
parent. 

Experiment II. Concentration 

OF CHEMICAL 

The primary purpose of this phase of 
the study was to gain more precise in- 
formation on the efficacy of different con- 
centrations of naphthaleneacetic acid 
than could be drawn from the tests in 
experiment I. Methods of application 
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were restricted to dipping in lanolin 
emulsions carrying varying amounts of 
the growth-regulator. A complete series 
of treatments was applied to an early lot 
of seedlings, lifted and treated on March 
15 and 16, 1944, and to a late lot lifted 
and treated on April 22. The stock was 
i-year-old eastern red oak and 3-year- 
old red pine. For each species on each 
treatment date, twenty uniform bundles 
of twenty-five seedlings each were as- 
sembled. 

The emulsions, made as before with 
5 gm. of lanolin per liter of water, carried 
naphthaleneacetic acid in the following 
concentrations: o, 10, 20, 40, 80, 160, 
320, and 640 mg./L An additional emul- 
sion carrying 80 mg. of naphthaleneace- 
tic acid per liter was made up, using 5 
gm./l. of a commercial wax^ in place of 
lanolin; this was for comparison of carrier 
effects. After the growth-regulator crys- 
tals were dissolved in 95% ethyl alcohol, 
the solution was mixed into the wax 
emulsion. The commercial wax, though 
containing an emulsifier, flocculated on 
contact with the alcohol and, like lano- 
lin, required 10 gm./L of monoethanol- 
amine stearate to bring about good dis- 
persion. A set of seedlings not treated 
with growth-regulator served as controls. 
Thus there were ten treatments in all; 
these were twice replicated for each of 
the two species for each date, making 
eighty treatment units (bundles); at 
twenty-five per bundle, the total number 
of seedlings used was 2000. 

Treatment consisted of complete im- 
mersion of bundles in the emulsions, with 
gentle agitation to assure full coverage, 
after which they were removed and al- 

4 The commercial wax was the proprietary prod- 
uct, Dowax, manufactured by the Dow Chemical 
Company, Midland, Mich. It contains a paraffin 
wax, bentonite, an emulsifying agent, and possibly 
other substances. So far as is known, its exact 
composition has not been published. 


lowed to drain. The bundles of seedlings 
were then packed upright in boxes, with 
moist sphagnum covering the roots, and 
were placed in common storage the same 
day. The following temperatures pre- 
vailed in the storage house: March 16, 
51°; April 8, 51°; April 12, 51°; April 22, 
53°; May 10, 60°; May 22, 65°; and 
May 23, 67° F. 

On May 23 and 24 all seedlings were 
removed from storage and planted in a 
manner similar to that described for 
black locust and loblolly pine. Each of 
the two blocks in the plantation was di- 
vided into two plots to which the species 
were assigned at random. Within plots 
the twenty treatment-date combinations 
were randomized by rows. 

In comparing this experiment with ex- 
periment I, it should be noted that, al- 
though in basic design both entailed two 
lengths of storage period, that factor 
was varied at opposite ends: in the sec- 
ond experiment two lifting dates were 
employed, with planting dates in com- 
mon; in experiment I two planting dates 
were employed, with liftmg dates in com- 
mon. This difference provided opportu- 
nity to determine whether the major ef- 
fects of the growth-regulator occurred in 
the early part or toward the end of the 
storage period. 

Results 

Eastern red oak. — On May “31, 8 
days after planting, the following rec- 
ords were made of the seedlings: (a) num- 
ber dormant, (b) number with some fully 
developed leaves, and (c) the total length 
of aU shoots per seedling. Each of these 
criteria served as a rough measure of the 
inhibiting effects of naphthaleneacetic 
acid concentrations on shoot develop- 
ment 

Treatment date definitely influenced 
both the numbers of dormant seedlings 
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and the total shoot lengths. The mean 
percentage of seedlings dormant in the 
lot treated March 16 was 7.8; in the April 
22 lot, 20.4. Similarly, the mean total 
lengths of shoots for the two treatment 
dates were 6.4 and 4.7 inches, respective- 
ly. Both differences were significant at 
the 1% level. These results appear to 
have been induced by two factors: (a) the 
direct effects of date at which the stock 
went into storage and (i) the increasing 
sensitivity of the plants to growth-regu- 
lator with approach to the date for nor- 
mal revival of spring growth. Date of 
treatment had no significant effect on 
initial leaf development. 

The effects of the various concentra- 
tions of naphthaleneacetic acid on 
growth, as indicated 8 days after plant- 
ing, and on survival i year later, are sum- 
marized, with treatment dates combined, 
in table 4. The two highest concentra- 
tions definitely delayed break of dor- 
mancy and inhibited growth (fig. 3) ac- 
cording to all criteria listed; differences 
from untreated controls were all highly 
significant statistically except for leaf de- 
velopment with the 320-mg. concentra- 
tion. Effects of the intermediate and low- 
er concentrations, except the o level, 
were somewhat erratic, with inhibitory 
tendencies generally showing in the data 
on leaf and shoot development but not in 
the data on dormancy. In fact, the dor- 
mancy data alone suggest stimulatory 
effects from the lower concentrations. 
Results with the lanolin-80 treatment 
were particularly suggestive of stimu- 
lation. 

Survival i year after planting was 
somewhat better for all naphthaleneace- 
tic acid treatments than for untreated 
controls, except for the 640-mg. concen- 
tration (table 4) ; for four treatments the 
increases in survival were significant. In 
view of their originally strong inhibiting 


effect, it is of interest that the two high- 
est concentrations of the acid caused no 
appreciable mortality. Date of treat- 
ment had no significant effect on sur- 
vival. 

Treatment dates, however, did affect 
seedling vigor, at least in so far as vigor 
was expressed by foliage development. 



Fig. 3. — ^Effect of naphthaleneacetic acid on 
i-year-old eastern red oak seedlings held in com- 
mon storage from April 22 to May 23, 1944: lefi, 
untreated seedlings; ng/tf, entire seedlings dipped 
before storage into 0.5% lanolin emulsion containing 
640 mg. of acid per liter. Seedlings completely 
dormant when placed in storage. Note proliferation 
of new roots from treated stock. Photo taken May 

23,1944. 

Seven weeks after planting, the number 
of vigorous leaves per seedling was sig- 
nificantly greater (at the i% level) for 
the April 22 treatment than for the 
March 16 series, and 52 weeks after 
planting the same highly significant dif- 
ference still prevailed. Thus the greater 
degree of inhibition in storage associated 
with the later treatment presaged a high- 
er degree of vigor after planting that 
carried over at least into the second year. 
This accords with the generally accepted 
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principle that for best results seedlings 
should be dormant, or essentially so, 
when transplanted. The interesting point 
is that the difference in degree of dor- 
mancy associated with the two treat- 
ment dates resulted in persisting differ- 
ences in vigor of growth, even though not 
registering in terms of survival. It lends 
emphasis to the frequently ignored fact 


results, the effects of date of treatment 
were opposite for red pine and red oak. 
However, this species difference appar- 
ently is merely a reflection of differing 
degrees of sensitivity and not a basic 
difference in nature of the reaction to the 
chemical. The difference in sensitivity 
may, at least in part, be a matter of 
proximity to the date for normal break- 


TABLE 4 

Effect of pre-storage treatments with various concentrations of 

NAPHTHALENEACETIC ACID ON SHOOT DEVELOPMENT AND SURVIVAL AFTER 
PLANTING OF EASTERN RED OAK SEEDLINGS. BASIS; lOO SEEDLINGS PER MEAN 
(MARCH 15 AND APRIL 22 TREATMENTS COMBINED) 




May 31, 1944 


Type of 
EMUX.S10N 

Concentration 

OF NAPHTHALENE- 
ACETIC ACID 

(mg./l.) 

Completely 

dormant 

seedlings 

(%) 

Seedlings 
with some 
fully de- 
veloped 
leaves 
. (%) 

Mean 

total length 
of seedling 
shoots 
(in.) 

May 30, 
X 945 , 
SURVIVAL 

C%) 

None. 

Untreated 

control 

0 

12.0 

5.0 

4.0 

6 . 0 

51.0 

63.0 



Lanolin 

7-1 

26.0 

Lanolin 

TO 

7.6 

30.8 

Lanolin 

XV/ 

37-0 

6.4 

6.3 

38.8 

Lanolin...... . 


5.0 

3. of 

50.0 

46.0 

67.0 

52.8* 

Lanolin . 

40 

80 

80 

160 

6. 1 

48.0* 

Comm. wax. ... 

6.2 

5 . 9 | 

42.0 

Lanolin 

0 . 0 

10. 0 

31 •o§ 

57 - o§ 

42.0 

54 . 0 * 

Lanolin 

41.0 

S-2§ 

56.0* 

Lanolin 

320 

640 

45-0 

3 . 7 § 

38.0 

■ — ' 

i 4 .o§ 

l. 4 § 

24.8 


t significant at s% level. J Growth inhibition significant at s% level, 

t Growth stunulation significant at s% level. § Growth inhibition significant at 1% level. 


that differences between treatments in 
planting experiments often cannot be 
evaluated adequately by merely record- 
ing survival or mortality. 

Red pine.— Records were limited to 
a single tally of survival on June 30, 
X944, because heavy mortality (untreat- 
ed controls 59-2%) rendered further ob- 
servations useless. 

Tieatment dates had a highly signifi- 
cant effect. The survival of seedlings 
treated on March 16 was 18.6%; of those 
treated on April 22, 7.6%. Thus, in final 


ing of dormancy rather than inherent 
species characteristics (i.e., red pine nor- 
mally renews growth early in the spring 
whereas the oaks are relatively late). 
With the oak, treatment resulted in a 
beneficial degree of growth inhibition in 
storage and more vigorous growth after 
planting; with the pine, buds were elon- 
gating by the later date and in such a 
state of tenderness that effects of the 
chemical exceeded mere inhibition to the 
point of injury. 

The effects of all naphthaleneacetic 
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acid treatments, except at 20 mg./L, 
were distinctly harmful to red pine, the 
three highest concentrations causing 
complete mortality. 

Discussion 

The principal objective in treating 
forest planting stock with growth-regu- 
lating substances before or in storage is 
to facilitate holding the stock dormant 
and without deterioration. Delaying the 
break of dormancy is a requisite of suc- 
cessful storage because, with routine 
forest planting practices, most species 
will not satisfactorily survive transplant- 
ing unless the stock is either fully dor- 
mant or but little advanced beyond that 
state. Though survival is the first criteri- 
on of success in planting, subsequent 
growth and vigor also are important 
considerations that may be influenced by 
storage treatments or conditions. 

In this study involving only unrefriger- 
ated storage, both storage periods and 
naphthaleneacetic acid treatments af- 
fected seedling survival and growth, but 
the effects of storage periods were gen- 
erally more pronounced. Black locust 
and loblolly pine deteriorated consider- 
ably in storage, especially during the last 
2 weeks of a storage period extending into 
the warm weather of late May. Inasmuch 
as storage periods for these two species 
were varied only through different ter- 
mination dates (not beginning dates), 
the tests with them unfortunately in- 
volved some confounding of effects- of 
date of planting with the deteriorative 
effects of storage. However, even freshly 
lifted locust obviously could not have 
survived much better than the locust 
stock of the shorter storage period, since 
the latter averaged over 90% survival in 
an abnormally dry summer. The forma- 
tion of large numbers of spindly shoots 
in the late-planted lot, and its much 


poorer survival (76%) and growth must 
be charged, therefore, largely against de- 
terioration in storage. Freshly lifted lob- 
lolly pine from the same lot as used in 
this study, planted in an adjacent block 
on April 14, showed an average survival 
of 54% at the end of the first growing 
season. Corresponding values for the 
stored stock in the present test were 50 
and 24%, respectively, for the shorter 
and longer periods. Thus practically all 
the deterioration in loblolly pine, as in 
locust, apparently occurred during the 
last 2 weeks of storage, when tempera- 
tures in the storage room ranged be- 
tween 60° and 6 f F. 

Effect of length of storage period can 
be evaluated somewhat better for red 
pine and red oak, since with these spe- 
cies there was no confounding with 
planting date. Particularly for oak, 
growth in storage tended to be less and 
subsequent field performance better with 
shorter than with longer storage. How- 
ever, inasmuch as seedlings of these spe- 
cies were treated on the different dates 
on which they were put into storage, 
some confounding of effects again was 
introduced between storage periods and 
condition of stock when treated. In gen- 
eral, the latter factor seems to have been 
more important than length of storage. 
Both species had become more sensitive 
to the acid by the time of the later treat- 
ments on April 22. The pine buds were 
swelling and were so tender that the seed- 
lings suffered considerable injury, result- 
ing in higher mortality after planting 
than was shown in the series treated 
earlier. The red oak, on the other hand, 
had by the later date become more sensi- 
tive only to the extent that the treat- 
ments were more effective in inhibiting 
subsequent growth in storage, and, in 
consequence, displayed greater vigor after 
planting in the field. The difference in 
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reaction to treatment was not great 
enough to affect survival. 

Response to naplithaleneacetic acid 
varied with species, ranging from defi- 
nite injury to significant benefits. The 
pines were generally more susceptible to 
injury than the hardwoods. Practically 
all emulsion-dip treatments, in particu- 
lar, were injurious to both loblolly and 
red pines. The fact that, with the pines, 
foliage as well as woody portions were 
treated probably accounts in part for the 
differences in severity of effects between 
the two types of stock. These findings 
are in general agreement with those of 
OsTROM (6), who found that growth- 
regulator treatments effectively retarded 
break of dormancy of white ash held in 
unrefrigerated storage but lowered the 
survival of loblolly pine. 

Marth (5) found vapor treatments at 
0.3 and 0.4 mg./cu. ft. and sprays at 
0.01% (100 mg./l.) to be the most effec- 
tive concentrations for delaying the 
break of dormancy in roses. In the pres- 
ent study vapor applications of naph- 
thaleneacetic acid at 0.4 mg./cu. ft. 
were significantly beneficial and emul- 
sion-dip applications at 100 mg./l. were 
significantly harmful to loblolly pine. 
However, red oak, after emulsion-dip 
applications of 20, 40, 80, and 160 mg./l. , 
showed significantly higher survival than 
the controls; even with the 640 mg./l. 
treatment survival was not significantly 
lowered. With red pine, on the other 
hand, all emulsion-dips except those 
carrying o and 20 mg./l. of growth-regu- 
lator were significantly injurious. 

These experiments obviously are not 
adequate as a basis for making practical 
prescriptions for nurserymen. They do, 
however, indicate that, with perfection 
of details of application technique and 
timing for different species, pre-storage 


treatment of stock with growth-regu- 
lators has possibilities for practical use. 
They demonstrate the existence of 
marked differences in sensitivity to naph- 
thaleneacetic acid and in vulnerability 
to injury by it, as between the pines and 
hardwoods tested; these differences be- 
tween the two taxonomic groups are be- 
lieved to hold generally for other spe- 
cies. The experiments have reasonably 
well established the range of concentra- 
^tions of chemical within which desired 
effects are most likely to be obtained and 
have shown something of the relative 
merits of different methods of applica- 
tion. The emulsion-dip method, for in- 
stance, which required the least in special 
apparatus, apparently is acceptable for 
treating hardwoods but is unsuited for 
use with pines. On the other hand, vapor 
and aerosol methods can be used for 
both classes of stock and, where facilities 
are available, probably are to be pre- 
ferred. They permit more precise control 
over intensity of treatment than dips; 
in the latter, intensity is contingent upon 
the amount of chemical adhering to the 
plant and the length of time its potency 
is retained. 

The marked stimulation of growth of 
new roots in red oak during storage (fig. 
3) — and similarly of white ash (6) — sug- 
gests that the methods here employed for 
applying growth regulators might prove 
superior to conventional root-soaking 
treatments as a pre-planting measure 
apart from storage. The increased forma- 
tion of root primordia resulting from 
treatment should materially improve 
chances for establishment of newly plant- 
ed seedlings. Such treatment would ne- 
cessitate proper timing so that, if storage 
were involved, planting would be finished 
before new roots had made enough 
growth to be susceptible to breakage. 
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Summary 

1. Experiments involving methods of 
application and various concentrations 
of naphthaleneacetic acid, applied as 
pre-storage treatments to prolong dor- 
mancy and lessen deterioration of forest 
planting stock in unrefrigerated storage, 
were carried out on two hardwood and 
two pine species. Black locust and lob- 
lolly pine were treated with medium and 
relatively high concentrations of the 
chemical by three methods: exposure in 
a closed chamber to vaporized acid, to 
the acid dispersed in an aerosol mist, and 
by dipping the plants into lanolin emul- 
sion in which the acid was dispersed. 
Eastern red oak and red pine were used 
in a test of eight different concentrations 
of the acid, applied only by the emulsion- 
dip method. Following 5-10 weeks’ stor- 
age, the stock was planted in the field for 
observations on survival and vigor of 
growth. 

2. Response to the treatments varied 
widely by species, ranging from signifi- 
cant benefits to distinct injury. The pines 
were much more vulnerable to injury 
than the hardwoods. 

3. Main effects evident upon removal 
of the stock from storage were as follows : 
(a) With black locust, shoot elongation in 
storage was inhibited by both medium 
and high concentrations of the acid in all 
methods of application. ( 5 ) With loblolly 
pine, shoot elongation was inhibited by 
the higher concentration of acid applied 
in vapor form. Effects of other methods 
and concentrations on shoot elongation 
were either insignificant or erratic. How- 
ever, the percentage of seedlings display- 
ing apparently vigorous buds about a 
week after planting was increased by both 
levels of vapor treatment, by the lower 
level of acid in aerosol, and by aerosol 
alone, whereas the acid-emulsion treat- 


nients resulted in definitely lessened bud 
vigor, (c) With eastern red oak, shoot 
elongation was inhibited by ail emulsions 
carrying 160 mg. or more of acid per liter. 
Concentrations of 80 mg. or less tended 
to hasten the break of dormancy slightly 
but did not result in any greater average 
shoot length than that displayed by un- 
treated controls, (d) With red pine, shoots 
were not inhibited except as a corollary 
of injury. 

4. Main effects evident after outplant- 

ing the stock in the field were: (a) With 
black locust survival was not affected by 
the chemical treatments, but vigor and 
survival of spindly shoots developed in 
storage generally were greater in treated 
seedlings than in controls, (b) With lob- 
lolly pine survival was generally im- 
proved by treatment with the acid in 
vapor form and at the lower concentra- 
tion in aerosol, but only with the lower 
concentration of vapor was the increase 
statistically significant. Both acid-emul- 
sion treatments were injurious, resulting 
in greater mortality than among controls 
and in retarded growth of survivors. 
However, the early indications of en- 
hanced bud vigor in the vapor and aero- 
sol series were not evident in greater 
height growth after planting, (c) With 
red oak survival was generally better for 
all levels of acid-emulsion treatment 
except the highest, which fell slightly be- 
low controls. For the 20, 40, 80, and 
160 mg./l. concentrations of acid, the 
increase in survival was statistically sig- 
nificant. No differences in vigor due to 
chemical treatments were apparent, (d) 
With red pine survival was significantly 
less than for controls with all treatments 
except 20 mg./l. and lower concentrations 
of acid, which caused no marked reaction. 

5. In general, all species exhibited sig- 
nificantly more growth and greater sur- 
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vival when planted after shorter (5-6 6. These preliminary experiments in- 

weeks) than after longer (8-10 weeks) dicate that, with additional experience 
periods of storage; For red oak, by excep- and improvements in treatment tech- 
tion, survival was not appreciably af- niques, naphthaleneacetic acid and prob- 
fected by storage period, though in vigor ably other growth-regulator chemicals 
of growth this species concurred with may have practical value for prolonging 
the general trend. Even with the most the period over which stock can be held 
effective treatments, dormancy was not in common storage without loss. Present 
adequately maintained over the longer results, however, offer no promise that 
periods, and some additional deteriora- growth-regulators can supplant refrigera- 
tion apart from breaking of dormancy tion when storage for more than i or 2 
apparently occurred. months is required. 
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VOLUMETRIC STUDIES OF SEEDS, ENDOSPERMS, AND 
EMBRYOS IN PINUS PONDEROSA DURING 
EMBRYOI^IC DIFFERENTIATION 

JOHN T. BUCHHOLZ 

Introduction show whether morphological and ana- 

Extensive investigations on the seeds tomical differences exist between devel- 
of Pinus ponierosa during their develop- opiRg embryos of seeds of various sizes, 
ment were undertaken in 1942 in order In mature ponderosa pine seeds the 
to obtain more accurate information con- embryo represents about 10% of the 
cerning size relationships in the normal whole seed volume and approximately 
schedule of embryonic development. It 5% of the weight. However, at the stage 
was believed that a comparison of the during which the stem tip and cotyledons 
embryogeny in large versus small seeds are differentiated, the embryo constitutes 
might shed some light on the function of less than 0.5% of the volume of the seed, 
the suspensor, since large seeds would Thus the question arises: Does the young 
provide more space for the elongation of embryo begin to differentiate its organs 
this member. Such a study could also at a size which is more or less constant — 
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an embryo of fixed volume — or does it 
differentiate only at a size which is close- 
ly related in some proportion to the size 
of the endosperm and seed? 

The pine seed reaches its full size 
about the time of fertilization, which is 
more than a month earlier than the 
stages that are concerned with differen- 
tiation of the embryo. The changes in- 
volved during hardening of the seed coat 
do not increase the seed size. The seed in 
which fertilization failed to take place, 
or in which the embryo subsequently 
died, remains fully as large as a normal 
seed. 

The trees which furnished the cones 
were all open wind-pollinated forest 
trees. Some ovules contain embryos re- 
sulting from self-pollination; others, from 
cross-pollination. Cross-pollination might 
represent combinations of diverse bio- 
types found within the species. On the 
whole, it is to be expected that the net 
result from wind pollination would tend 
to maintain the population in hetero- 
zygous condition, for even self-pollina- 
tion in any particular seed would be like- 
ly to combine one of a variety of pairs of 
gametes in the zygote. 

There is the possibility that differences 
in the embryos among seeds of a given 
size might be due to heredity. However, 
differences in heredity may be condi- 
tioned by the internal environment with- 
in the seed. Thus, if the mean sizes of the 
embryos are computed for each size 
class of seed, individual hereditary dif- 
ferences would tend to cancel out, and a 
close approach to the net effect of the in- 
ternal environment of the seed could be 
obtained from the means of sufficiently 
large frequencies in each class. 

Material and methods 

The details concerning source, method 
of collection, and cone size, together with 


a record of the mean sizes of the embryos 
of various stages dissected from seeds of 
various sizes, have been given elsewhere 
(4). The present study is a continuation 
of this type of investigation on one of 
these trees more intensively and with 
several refinements of method. 

In order to obtain embryos in all 
stages in the seeds of nearly all available 
sizes, collections from tree 3-38^ were 
made separately on August 5, 8, and 12, 
approximately 6 weeks before seed mat- 
uration. From this tree, on which the 
present data are based, over 1100 seeds 
were obtained. None of the smallest- 
sized class of seeds (no. ii) contained em- 
bryos. The classes of seed size are given 
in the earlier paper (4). More than 150 of 
the seeds that appeared sound had 
shriveled contents. 

In the present investigation, the vol- 
umes of the seeds, after sorting by sieves 
(4), were measured by liquid displace- 
ment before dissection. Similarly, follow- 
ing seed-coat removal, the volume of the 
endosperm was measured for each indi- 
vidual seed by liquid displacement in a 
capillary tube. Finally, the embryos were 
dissected out and their volumes were 
computed from measurements of embryo 
length and diameter, as defined in earlier 
papers (3, 4), by the formula 
Embryos of stages VI-VIII (see 3 for 
definition of stages) were measured for 
total length and for length of the em- 
bryo axes ending in the plumule pri- 
mordium. The latter could be done by 
breaking away several cotyledons to ex- 
pose the shoot tip to view. 

The seeds of the most frequent size 
classes were not all dissected. These 
groups had been most thoroughly sam- 
pled, and continuation of dissection was 

^ The designation 3-38 refers to the tree P<Eld-3- 
38 of the Institute of Forest Genetics in Placervilie, 
Calif. 
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deemed unnecessary. However, the 632 
embryos which were dissected out con- 
stitute a population three times as large 
as any of the samples previously ob- 
tained. Embryos in all important stages 
from seeds of varying sizes were thus pro- 
vided, Upon dissection, the stage of de- 
velopment of the largest embryo in each 
seed was noted, as well as that of the sec- 
ond largest, and the number of cotyle- 
dons was recorded. 

Investigation 

The duration of embryonic selection 
in the pine extends for more than a 
month. During this period of develop- 
ment the only change that may be recog- 
nized in the embryo complex is a very 
gradual increase in the size of the em- 
bryos, especially of the largest one, which 
usually assumes a dominant position at 
the forward end of the group. 

The embryos are only slightly devel- 
oped during this time of competition. 
There is a polarity indicated by the dif- 
ferentiation between the suspensor sys- 
tem and the meristematic cylinder borne 
on the end of the suspensor in each em- 
bryonic unit. The suspensors are derived 
from the elongation of successive layers 
of cells cut off previously by the em- 
bryos. Thus each embryo spins out its 
own suspensor which continually sub- 
tracts cells from the increasing volume of 
meristematic cells of the embryonic cyl- 
inder. The embryo adds unicellular ele- 
ments (embryonal tubes) to the suspen- 
sor at first. Later the multicellular sec- 
ondary suspensor (of numerous parallel 
embryonal tubes) is elaborated. Thus the 
struggle between embryos becomes one 
of competition in the rate of growth due 

(a) to elongation of suspensor tissue and 

(b) to meristematic increase of cells in the 
respective embryos. 

About 2 weeks after fertilization an 


embryo emerges from the complex in a 
dominant position. Its cylinder of meri- 
stem enlarges gradually despite rapid 
development of its suspensor. The twists 
and coils appearing in the suspensor com- 
plex dislocate the orientation of embryos 
in secondary positions. Snags or spurs of 
embryonal tubes belonging to the sus- 
pensor of the largest . embryo ensnare 
smaller embryos and push them back 
toward the micropyle. In this way, about 
5 weeks after fertilization, the largest 
embryo — usually in terminal position in 
the complex — begins its differentiation 

(fig- 1)- 

The embryos that are left behind in 
embryonic selection within each seed 
usually fail to develop beyond this stage. 
Most of them remain much less de- 
veloped. The data of this study indicate 
that the second largest embryo in a seed 
rarely exceeds stage II in size, even when 
it persists to seed maturity. 

Dieeerentiation or embryo 

After the period of embryonic selec- 
tion, differentiation of the dominant em- 
bryo progresses with considerable rapid- 
ity. Although internal differentiation oc- 
curs earlier, there is no outward criterion 
until stage III is reached, when the pri- 
mordium of the shoot tip appears (figs. 
I, 2). The primordium is a special meri- 
stematic area at the tip of the larger em- 
bryonic cylinder. In dissected embryos 
the plumule primordium is a very con- 
spicuous area which appears more trans- 
lucent, probably owing to the character 
of the vacuoles and other cell contents 
and to the lack of intercellular air spaces 
within this tissue. 

The embryos in seeds within the same 
cone or other cones of a given tree will 
not be found in the same stage of devel- 
opment 5 weeks after fertilization. Those 
whose growth has been most rapid may 
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be in an advanced stage of development, Duration of stages 

with their cotyledons already formed and xhe time intervals between stages 
well elongated, while others may still fail have been calculated in the embryos of a 
to show ^ the shoot-tip primordium. trees of P. ponderosa. The rapidity 
Chronologically, they are of the same of growth was quite marked. Two col- 
age, since fertilization takes place in all lections were made 4 days apart from tree 
ovules of a cone within a few days. It was 3-14 and were used in an analysis that 





Figs. 1-2. — Fig, i, dissected embryonic system of Finns hanksiana^ showing dominant embryo advanced 
to stage III while other embryo units are being suppressed. X25. Fig. 2.4, B, longitudinal sections of pine 
embryo {Finns hanksiana) in stage III, at the time when shoot tip is differentiated. Note internal differenti- 
ation of small spherical meristematic mass (marked in 2B), from which will develop shoot and root of mature 
embryo. Larger portion below is root cap and suspensor. X 80. 


necessary, therefore, to define a series of would indicate the duration of the stages, 
morphological growth stages for the em- Seventy-eight per cent of the embryos 
bryo which were designated by the were in stages I-IV on August i and only 
Roman numerals I-VIII. These stages 30%onAugust 5; 22% were in stages V~ 
were described elsewhere (3). It may be VIII on August i and 70% on August 5. 
recalled here that the origin of the Table i indicates the frequencies and 
plumule apex occurs in stage III (see percentages of embryos in different 
figs. I, 2) and that the cotyledonary stages on these two dates, 
primordia arise in stage IV (figs. 3, 4). With the aid of table 2, it is possible, 
Figures 5 and 6 show stage V. using the percentages given in table i , to 






Figs. 3-6. — Dissected embryos of Pinus ponderosa, X 15. Fig. 3, stage IV from no. 13 seed with endosperm 
volume of 20 cu. mm. Relatively small plumule primordium surrounded by eight cotyledons. Fig. 4, stage IV 
from large no. 18 seed with endosperm volume of 50 cu. mm. Relatively large stem-tip primordium surround- 
ed by primordia of fourteen cotyledons. Larger throughout than embryo in figure 3. Fig. 5, stage V from no. 
13 seed with endosperm volume of 24 cu. mm. The seven cotyledons equal in length to plumule primordium. 
Fig. 6, stage V from no. 17 seed with endosperm volume of 45 cu. mm. Large stem tip now obscured by thir- 
teen cotyledons of approximately its length. Smaller embryos eliminated in embryonic selection may be 
seen below, where they were pushed back by massive suspensor of large embryo. 


TABLE 1 

Amounts and percentages of embryos in different stages of 

DEVELOPMENT ON AUGUST i AND $ (TREE 3-14) 






Stage 




Total 


I 

11 

III 

IV 

V 

VI 

VII 1 

VXII 

August I (2 cones): 
Frequency 

I 

13 

17 

9 

9 

0 

2 

0 

SI 

%. . . ....... ... ....... 

2 

25 

33 

18 

iS 

0 

1 ■; 4 

0 

100 

August 5 (5 cones) : 
Frequency. ............ 

4 

9 

7 

31 

28 

44 

\ " 26 


167 



■ 2 

5 

4 

IQ 

17 

26 


II 

100 

Total embryos (7 cones) 

5 

22 

24 

40 

27 

44 

^''■":28 ■ ■' 

■ V ■ /■ ■ ■ ' 

■ la ■'! 

21S 
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estimate the rate of progress in growth those collected on August 8. However, it 
stages passed through during the 4-day was possible to use the data by adding to- 
interval. Thus, the 2% of the embryos in gether the seeds of August 5 and 8 and 
stage I and one-fifth of the 25% of the comparing them with the collection of 
embryos in stage II on August i re- August 12, some of which were dissected 
mained unchanged on August 5, indicat- on August 13. The mean time between 

TABLE 2 

Percentage change in stage during four-day interval 






ing that these are stages of long dura- collections was 6'“6| days, giving a rate 
tion. The following calculation was used of 047 stage per day for a 6|"day period 
to derive the approximate rate of change and 0.52 stage per day for a 6-day in- 
in stage per embryo: terval. 

Growth changes through three stages: 

7 + S + 13 = 25 embryos X 3 = 75 changes in stage. 

Growth changes through two stages: 

II + 13 + 17 + 16 == 57 embryos X 2 = 114 changes in stage. 

Growth changes through one stage: 

4 + 3 + 4 ~ii embryos X i = n changes in stage. 

No change in stage: 

2 + 5 =7 embryos X o = o change in stage. 

Total 100 embryos with 200 changes in stage in 4 days, 

or 100 embryos with 50 changes in stage in i day, 

or I change of stage per embryo per day. 

It is possible that, the stages are passed The large number of seeds from tree 
through more rapidly than the above 3-3S made it possible to compare the in- 
rate. The seeds of another tree, 3-57, tervals between embryonic stages sepa- 
were collected at an interval of only I day. rately in seeds of different sizes. It was 
This tree had relatively fewer embryos found that the rate of change in stage 
in stages I and II; hence the rate of change was 0.57 stage per day for no. 17 seeds, 
of stage was more rapid, being more nearly 0.54 stage per day for no. 16 seeds, 0,62 
two-thirds stage per day. The seeds of stage per day for no. 15 seeds, 0.42 stage 
tree 3-38 were collected on August 5, 8, per day for no. 14 seeds, and only 0.35 
and 12, but the seeds of August 5 were stage per day for no. 13 seeds. Thus it 
not all kept accurately separated from appears that the embryos of seeds of 
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average size (no. 15) grow most rapidly 
and that the embryos in the smallest 
seeds develop much more slowly. The 
slower rate of growth in the largest seeds 
might be due to the greater expenditure 
of tissue in suspensor formation and to 
the fact that the embryos must grow 
larger before differentiation. It should be 


rate of 0.5 stage per day) is used for con- 
venience in discussion in the following 
pages. 

Embryo size in relation to size oe 

ENDOSPERM AND SEED 

Table 3 shows results of measurements 
made on embryos, endosperm, and seeds 


TABLE 3 

Embryo length and diameter in relation to size of seed, volume of endosperm, 

AND STAGE OF DEVELOPMENT FOR 632 SEEDS* 


Seed 

CLASS 

Endosperm 
(VOL. cc.) 

Stage I 

Stage II 

Stage III 

Stage IV 

Stage V 

/ 

d 

1 

1 

/ 

i 

l 

1 / 

d 

/ 

/ 

d 

1 

/ 

d 

1 

12 

• 0.018 

I 2 

206 

270 

2 

352 

614 

4 

308 

738 

4 

582 

1444 

I 

775 

1906 

13 

.023 

II 

2321 

333 

9 

377 

599 

7 

457 

911 

16 

624 

1421 

6 

768 

1948 

14 

.029 

10 

252 

37 « 

8; 

375 

697 

22 

! 466 

958 

3^5 

629 

1463 

6 

770 

1891 

IS 

•035 

19 

249 

346 

23 

396 

634 

27 

497 

983 

54 

S 667 

1471 

17 

838 

2042 

16. 

.040 

9 

245 

3 «« 

10 

403 

654 

14 

536 

1017 

19 

682 

1480 

22 

851 

2161 

17.............. 

.046 

8 

251 

346 

15 

431 

699 

13 

528 

1089 

16 

715 

1632 

14 

922 

2132 

18 

0.052 







4 

620 

1250 

c 

746 

1659 

I 

946 

2294 










0 


Mean total . . 


59 

245 

353 

67 

400 

655 

91 

00 

993 

144 

662 

1492 

67 

00 

2080 


TABLE 3 — Continued 


Seed 

CLASS 

Endosperm 
( voL. cc.) 

Stage VI 

Stage VII 

Stage VIII 

/ 

d 

tot.l 

ax.l 

/ 

d 

tot.l 

ax.l 

/ 

d 

tot.l 

ax.l 

13 . 

0.023 

.029 

•03s 

.040 

.046 

0.052 

4 

2 

15 

28 

18 

2 j 

798 

876 

1023 

1050 

II14 

1023 

2352 

2596 

3025 

3097 

3221 

3054 

2239 

2426 

2813 

2860 

2969 

2806 









14. 









IS- • • 

16 

17 

18.. 

Mean total. , 

13 

11 

12 

II 

1216 

1230 

1287 

1316 

4249 

4394 

4408 

4544 

3663 

3768 

3788 

4041 

22 

27 

31 

8i 

1446 

1448 

1548 

1629 

5322 

5529 

5535 

5725 

4232 

4342 

4409 

4478 


69 

1040 

30SS 

2827 

47 

1282 

4391 

3808 

88 

i 

1475 

5444 

4370 


* Diameter of embr>'o is J, frequency is /; I is length in first five stages. In last three stages, ax.l is length of 
>;./ is over-all length including cotyledons; lengths and diameters are given in microns. 


axis alone, and 


noted that embryos of the largest seeds 
differentiate only after the embryonic 
cylinder has become considerably larger 
than in those of average size (compare 
fig. 3 with fig. 4 and fig. 5 with fig. 6). 

There are evidently some variations 
in the intervals between embryonic 
stages, but an interval of 2 days (at the 


and includes all stages that were dis- 
sected from twelve cones of tree 3-38. It 
is clearly indicated that the embryos of 
large seeds, at the time of stem-tip and 
cotyledon differentiation, are much larger 
than those of small seeds. 

In order to test the volumetric rela- 
tions of embryos in each stage against the 
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volumes of endosperms and seeds, the 
mean volumes of the embryo were com- 
puted for the four stages which involve 
stem-tip and cotyledon formation. These 
are shown in table 4. The best test that 
could be devised which might show a 
constancy of volumetric relations was 
that of computing the ratio of volume of 
embryo to volumes of endosperm and of 
seed. These values, in percentages, are 
entered in the appropriate columns of 
table 4. 

The embryos have a closely constant 
ratio to the size of seed and of endo- 
sperm during the stages in which shoot 


it is also related to the volume of the 
seed. The larger embryos have larger 
shoot-tip primordia which seem to be 
proportional to the size of the embryo. 

The volume of the embryo at the time 
of initiation of cotyledonary primordia 
(stage IV) is also closely related to the 
volumes of the endosperm and seed. Al- 
though at this stage the ponderosa pine 
embryo has about two and a half times 
the volume it possessed at shoot- tip initi- 
ation, it still amounts to less than two- ' 
thirds of 1% of the volume of the seed 
and less than 2% of the endosperm ^ 

volume. 


TABLE 5 



Frequency of cotyledon number in embryos in relation to seed size 


Cotyledon number 


Mean 


8.3 

8.6 

9-3 
10. 2 
10.9 
II. 4 

12. 1 


Seed 

SIZE 


tip (stage III) and cotyledons (stage IV) 
first appear and begin to elongate. Dur- 
ing stage III the embryo constitutes only 
0.2% of the volume of the seed and o.6% 
of the volume of the endosperm. Errors 
introduced by use of the formula for a 
cylinder, as described above, could be 
partly overcome by making corrections 
for the domed curvature of the shoot 
tip, for irregularities due to cotyledons, 
and for taper below, but these corrections 
would be nearly constant and would not 
change the relative values. 

It may be concluded that the volume 
of the embryo at the time of differentia- 
tion of its shoot tip (stage III) is closely 
related to the volume of the endosperm; 


In embryos of all sizes the size of cells 
and of nuclei as seen in sections at the 
time of primordium initiation remains es- 
sentially the same. This is true in com- 
parable parts of the embryos: root-cap 
cylinder, shoot-tip primordium, or coty- 
ledonary primordia. A larger volume in 
the embryo represents a larger number 
of cells throughout all its parts, with the 
possible exception of the cotyledonary 
primordia (see below). 

Cotyledon numbers 

The frequencies of different cotyledon 
numbers in seeds of various sizes are pre- 
sented in table 5. The fact that cotyledon 
counts from the smallest seeds are based 
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upon small numbers is unavoidable, since 
these sizes of seeds were least frequent in 
the collections. In addition, because of 
the slower rate of development in these 
seeds, few were found at the stage of 
cotyledon initiation. 

A correlation between seed size, em- 
bryo size, and number of cotyledons de- 
veloped may be clearly seen from the 
data. This corroborates the results ob- 
tained earlier (4) from a much smaller 
number of seeds. It might be supposed 
that there is more room for a large num- 


known items are the period from fertili- 
zation to stage IV (approximately 35 
days), the mean axis lengths of the em- 
bryos in various stages, the 2-day mean 
interval between stages from stage III 
onward, and the mean axis length of the 
embryo in a group of mature seeds har- 
vested from the tree 6 weeks later. 

It is evident that for a period of about 
a month following fertilization — the peri- 
od of embryonic selection — the embryos 
grow very slowly in diameter and length. 
After stage III is reached, the dominant 


-FERTILIZATION 


• PERIOD OF EMBRYONIC - 
SELECTION 
(34-36 DAYS) 


PERIOD OF 
EMBRYONIC—^ 
DIFFERENTIATION 
(10-12 DAYS) 


SEED — > 

MATURATION 
(40-45 DAYS) 

LENGTH OF 
AXIS AND 
COTYLEDONS 

AXIS 

LENGTH ONLY 


-Mean growth-curve of embryos in axis length for period of fertilization to maturity of seeds. 


ber of cotyledons on the shoulders of 
large embryos than on small ones. This 
would be expected if the plumule pri- 
mordium of a large embryo were larger 
than in a small embryo and the cotyle- 
donary primordia did not share propor- 
tionately in the increase in size of the em- 
bryo as a whole. 

Growth-curve OE embryo 

A diagram presenting an over-all pic- 
ture of the entire program of develop- 
ment from fertilization to maturity (i.e., 
in growth in length) may be constructed 
from the data given. Figure 7 represents 
the average growth-curve for all sizes of 
embryos of tree 3-3 8.^ In this curve the 

2 Since the smaller seeds had no embryos in the 
later stages of development (table 3), a discrepancy 


embryos enlarge rapidly (figs. 3-6). 
From stage VIII onward to the maturity 
of the seed the rate of elongation sub- 
sides and is gradually arrested. Between 
stages VII and VIII the curve falls off 
sharply only when the axis length is 
plotted. If the total over-all mean lengths 
are plotted, the height of the curve con- 
tinues to increase, owing to the addition 
of the later-developing cotyledonary 
meristem. It is clear that during the sec- 
ond portion of the period of development, 
which involves embryo differentiation, 
the curve of growth in axis length follows 
the usual sigmoid pattern. 


is introduced into these stages on the growth-curve; 
the basic trend of the curve, however, remains the 
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Discussion 

The feature revealed by this and the 
previous study (4) which is most out- 
standing is the diversity of stages that 
may be found among embryos that are 
collected from a tree on a given date. 
The embryos are of the same chrono- 
logical age; they result from fertilizations 
that take place on the same day or with- 
in a few days. However, they are found 
to diverge as much as 9 or 10 days in 
terms of the average embryos. 

A genetic variation might account for 
the difference in stage among the domi- 
nant embryos of different seeds. The 
divergence of stages could, therefore, 
represent a measure of differences in in- 
herent embryonic vigor. An embryo 
found in stage VIII 35 days after fertili- 
zation is 8 days in advance of the mean 
(then in stage IV) . It is a precocious em- 
bryo from the standpoint of vigor of 
growth. An embryo from the same cone 
which is still in stage I is retarded 8 or 
more days behind the mean. It has an 
inferior performance record. The preco- 
cious embryo may be rated as growing 
at the rate of 43/35, or 123% of the aver- 
age ; the backward embryo as growing at 
the rate of 27/35, or 77% of the average 
in a given cone or tree. It is possible that 
these interseminal performance records 
may hold for the growth rates that are 
observed in the same individuals after 
prmination of the seeds. Such differences 
in the vigor of seedlings would be worthy 
of special attention if they could be real- 
ized in cultures of nearly mature em- 
bryos. The extremes might seem to add 
up to the kind of differences in vigor that 
have been observed between the aver- 
ages of hybrids and those of normal wind- 
pollinated progeny (3). 

It was thought that this investigation 
might uncover data which would have a 
bearing on the function of the suspensor. 


There was never any doubt as to the im- 
portance of this organ as a weapon of 
competition during embryonic selection, 
which was pointed out previously (i, 2). 
Nothing was noted that would serve to 
alter this conclusion. It would appear 
that the superior embryo, which always 
has the largest suspensor, preserves a 
fine balance between meristematic ac- 
tivity in the embryonic cylinder and 
suspensor elongation. 

When comparisons were made be- 
tween large and small seeds, it was usual- 
ly found that the embryos in small seeds 
were not only smaller in volume per stage 
but that they were more retarded in the 
stages which were found. Large seeds 
yield a greater diversity of stages on a 
given date, but the most precocious em- 
bryos are usually to be found in the 
medium- and large-sized seeds only. It 
should not be concluded, however, that 
all ponderosa pine seeds in the nos. 12- 
14 group have a slow rate of develop- 
ment. This holds only for trees in which 
those sizes are smaller than the average. 
In trees in which no. 13 seeds are the 
average, that size may have the same or 
even a more rapid rate of development 
than the average size (no. 15) in tree 
3-38. 

The completion of a growth-curve 
showing the development of the embryo 
from fertilization into the maturity of 
the seed has provided an over-all quan- 
titative record of the process of seed de- 
velopment in pines and related conifers. 
Many features now become more clearly 
apparent. 

The entire embryogeny falls into two 
periods. The early period, occupying 
from 4 to 5 weeks in medium and large 
seeds (longer in the smallest ones) is giv- 
en over to embryonic selection. Numer- 
ous embryos, still more or less undiffer- 
entiated, are engaged in an intense in- 
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ternal '^struggle for existence.” Usually 
only a single embryo per seed survives 
this competition, bounding forth in a 
spurt of growth and differentiation which 
assures its success as the selected embryo 
of the seed. This occupies the second pe- 
riod of development, less than half as 
long as the first. It is not likely that the 
same mathematical equation would fit 
both regions of this curve of growth or 
that this would be required, since the 
processes of embryonic development are 
different in each period. 

The first period may be absent in an- 
giosperms which are not generally poly- 
embryonic. If such a period of delay in 
growth is present in some angiosperms, it 
may be due to a competition between 
endosperm and embryo, both of which 
result from a fertilization process. The 
writer entertains some doubt that such 
a relatively prolonged period of slow 
growth would be evident in angiosperms 
even where polyembryony is found. It 
must be remembered that the polyem- 
bryony observed in angiosperms does not 
result in the decisive selection of a single 
embryo per seed but that usually several 
embryos are matured within a seed. In 
pines, in conifers generally, and in all 
gymnosperms, the usual condition (more 
than 98%) of polyembryony is terminat- 
ed decisively in the selection of a single 
embryo in the seed. 

The correlation between seed size and 
embryo size in ponderosa pine seems sig- 
nificant. The large seeds may offer a bet- 
ter opportunity to the embryo to express 
a capacity for rapid growth in a short 
time, while the more crowded condition 
within a small seed serves to intensify 
and prolong the period of embryonic se- 
lection. Thus, in larger seeds, where 
there is less crowding among the numer- 
ous embryos and where longer suspensors 
may be produced, embryonic selection 


may progress more rapidly and come to a 
decisive conclusion at an earlier date than 
in the smallest seeds. 

However, it is possible that the ratio 
of size of embryo to size of seed might be 
explained on a basis other than spatial 
relations of embryonic development. 
The nutritional conditions in different re- 
gions of the cone may be variable. Hence 
differences in embryo development could 
be correlated with nutritional differences 
occurring in various portions of the cone. 
It is also possible that seeds vary in their 
permeability to food materials (accord- 
ing to seed-coat thickness or to the na- 
ture of the nucellar tissue) which might 
be conditioned in association with the 
factors determining seed size. These and 
other factors may be involved which are 
beyond the scope of this study to deter- 
mine. 

Using seed size as a determinant of em- 
bryo size, it is possible to speculate on the 
factors concerned in the establishment of 
seed size. It is usually assumed that the 
pollen grains which fall on the micropyle 
and grow in the ovule furnish the stimu- 
lation for ovule development and en- 
largement. This may be expressed by the 
liberation of hormones from the pollen 
grains and tubes. If so, then the stimulus 
provided may be expected to vary owing 
to genetic differences among the pollen 
grainl It may also vary quantitatively, 
depending upon the number of pollen 
grains which give rise to active male 
gametophytes. 

There have been workers, on the other 
hand, who would relate the size of the 
ovule to other factors, independent of 
the pollen stimulus. Burlingame (5) 
found that ovule development in Arau- 
caria seemed to occur independently of 
pollen effect. Ovule size may be related 
to the size of the cone on which it is 
borne, the position of its own scale with- 
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in the cone (6, 8), and the vigor of the the rate of growth of the embryos was 
tree. It may also be conditioned by the computed. 

rate of development of the female game- 2. For a period of about 5 weeks there 
tophyte or by the hormones possibly fur- is little embryonic difierentiation, the 
nished by that tissue or by the parent embryos within each seed being engaged 


sporophyte. 

It is generally known that a large seed 


in a competitive struggle for survival — 
a period of embryonic selection. 



gives rise to a larger seedling at the time 
of germination than a small seed. Some 
foresters have believed that this initial 
advantage is permanent. Others have 
contended that the larger seedlings are 
not necessarily the more vigorous indi- 
viduals — that the initial advantage in 
size is only transitory. The latter belief 
has been borne out by the work of Richt- 
er (7) and of the author (3) in an earlier 
paper. The discovery in pines that- the 
embryos chalk up their own growth rec- 
ords through a series of easily recognized 
stages (if observed at appropriate inter- 
vals) is an important fact that has been 
hitherto neglected. It would seem to offer 
the basis for a new experimental ap- 
proach to problems of seed selection 
and improvement. 

Summary 

I. Data were obtained on the seeds, 
endosperms, and embryos from cones of 
previously described trees of Pinus pon- 
der osa. Volumetric measurements were 
made, cotyledons were counted for em- 
bryos from different sizes of seeds, and 


3. After the dominant embryo has 
been established, it spurts ahead in rapid 
growth and differentiates all its organs 
in a period of 10-12 days. Seed ripening 
occurs in a few weeks with little change in 
embryo size. 

4. A great diversity of stages is found 
among embryos collected on a given date. 
This makes possible a computation of the 
presumable rate of growth between suc- 
cessive collections of seeds from the same 
tree. 

5. The average rate of growth is about 
I stage per day during embryo differen- 
tiation. It is much slower in the smallest 
seeds. 

6. At the time of shoot- tip differentia- 
tion and of cotyledon initiation, the vol- 
ume of the embryo is closely related to 
the volumes of endosperm and of seed. 

7. There exists a correlation among 
seed size, embryo size, endosperm size, 
and number of cotyledons in the embryo. 

Department oe Botany 
University of Illinois 

Urbana, Illinois 
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A CYTOLOGICAL STUDY OF UROMYCES lALOES 


M. J. THIRXBIALACHAR 


Introduction 

Uromyces aloes (Cke.) Magn. has been 
found, parasitizing as many as seven 
species of Aloe in Africa (ii) and is 
known to occur in India on Aloe vera and 
A. spicata. Only the telial stage was de- 
scribed in the original description of the 
species; later, by a morphological and 
cultural study, Ajeekajr. and Tonapy (i) 
found the presence of pycnia. They also 
observed some very interesting features 
in the germination of the teliospores 
which invited further study. It was 
pointed out, for example, that the telio- 
spore on germination puts out a promy- 
celium into which the granular contents 
of the spore migrate. The germination 
was stated to be peculiar in that the 
basidium is two-celled (rarely three- 
celled) instead of the usual four-celled 
condition. The upper cell of this two- 
celled promycelium develops a germ 
tube and functions directly as the 
sporidium. 

Experience with the cytology of rusts 
has indicated that the presence of a two- 
celled bassidium is always correlated with 
some variation in the nuclear sequence. 
Further, the suppression of the develop- 
ment of sporidia and the consequent as- 
sumption by the upper cell of the promy- 
celium of the function of sporidia, would, 
if confirmed, present us with an interest- 
ing variation not usually met with in 
rusts. This problem was kindly suggested 
to the writer by Professor S. L. Ajrekar, 
to whom the author is indebted for many 
valuable suggestions. On account of the 
scarcity of specimens, the work could not 
be undertaken readily. Ajrekar, who 
first collected the rust near Telegaon, 


Poona, was unable to collect material 
again in the same locality. Recently a col- 
lection was made by the writer near 
Kadur, Mysore State, which enabled a 
detailed cytological study. The present 
work adds cytological details and thus 
throws light on the hf e-cycle; it com- 
pletely confirms the findings of Ajrekar 
and Tonapy. 

Methods. — Material was fixed in 
Karpechenko’s modification of Nava- 
shin’s fluid, and microtome sections 
8--IO fx thick were cut and stained either 
with Heidenhain’s iron-alum haema- 
toxylin or with Newton’s iodine gentian- 
violet, counterstained with light green. 
Teliospores were germinated by the 
method suggested by the writer (26). 
Gentian-violet and light-green combina- 
tions were used in most cases. 

Observations 

The rust is foliicolous and amphige- 
nous, with a yellowish ground color inter- 
spersed with concentrically arranged 
erumpent sori containing chocolate- 
brown powdery spores. The spots often 
coalesce with one another and thus 
occupy a major portion of the leaf sur- 
face. 

Spore-eorms 

Pycnia. — Pycnial initials are formed 
by the grouping pf hyphae beneath the 
epidermis and are developed following 
sporidial infections. They are minute, or- 
ange-yellow, and concentrically grouped. 
Mature pycnia (fig. i) are flask-shaped, 
flattened at the apex, and open out by a 
small pore formed by the rupture of the 
epidermis. There are no traces of any 
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ostiolar flexuous hyphae projecting be- 
yond the pore. The pycniospores are ex- 
truded and collect in a tiny droplet of 
secreted nectar on the outer surface. The 
pycnial initials, the mycelium bearing 
the pycnia, and the pycniospores are all 
uninucleate. 

Telia. — The telia are formed soon 
after the development of the pycnia. 
Macroscopically the telial initials appear 
on the surface of the infection patch as 
yellowish flattened pustules. These are 
sometimes formed directly after sporid- 
ial infections in an abbreviated cycle. 
Even after completion of the develop- 
ment of telia, the mycelium bordering 


spore thickens and turns yellowish- 
brown in color. The two nuclei fuse and 
form a single large fusion nucleus (fig. s). 
Prior to fusion the two nuclei develop a 
characteristic structure found during the 
prophase of the mitotic division (figs. 
6, 7). This has been referred to as the 
nucleus of the expanded type by Savile 
(25) . In the early stages following nuclear 
fusion the two nucleoli remain distinctly 
separate but finally fuse. The mature 
spore is thick-walled, with a single large 
fusion nucleus (fig. 5) and an apical germ 
pore, which in some cases is laterally 
situated. The pedicels, which are very 
long — up to 130 fx — are fragile and break 




the infection patch spreads toward the 
base of the leaf, developing new pycnia 
and telia. Since it does not reach the shoot 
growing-point of the host (which is at the 
base of the radical leaves), the rust does 
not become systemic. 

Sections through a young telium show 
a plectenchymatic mass of hyphae 
grouped beneath the leaf epidermis.Cells 
of the hyphae* are all uninucleate. 
Toward the center of the telium pri- 
mordium and generally extending toward 
its periphery, cell fusions between neigh- 
boring cells take place. These are ef- 
fected by dissolution of the separating 
wall, either partially or completely (fig. 
2). Such types of cell fusions have been 
described in Phragmidium speciosum (7) , 
in Phragmotelium mysorensis (27), and 
in Thekopsora hydrangeae (22) within the 
aecial primordia. 

Following production of the fusion 
cells, the other plectenchyma cells begin 
to disintegrate. The binucleate fusion 
cells elongate in a vertical direction, and 
each cuts off a stalk cell and a teliospore 
(figs. 3, 4). The two nuclei within the 
pedicel remain small and inconspicuous 
and finally degenerate prior to the ma- 
turity of the teliospore. The wall of the 


up just beneath the point of the hilum. 
Consequently, the mature teliospores are 
dispersed very much like the uredinio- 
spores of other rusts and impart a dusty, 
powdery appearance to the sorus. 

Basidia.— The teliospores germinate 
readily without a period of rest being 
necessary. Prior to germination the spore 
coats slightly swell in water, thus reveal- 
ing the distended germ pore. The pro- 
mycelium emerges as a small papilla, 
gradually elongating in length and be- 
coming cylindrical. The granular con- 
tents of the teliospore along with the 
fusion nucleus migrate into the promy- 
celium. Unlike some of the rust species 
studied by Savile (25), the prophase 
stages of the nuclear divisions do not 
take place within the teliospore itself . As 
a result of two successive divisions of the 
fusion nucleus, four free nuclei are de- 
rived and lie in a linear row (fig, 8). Fur- 
ther development of the basidium is uni- 
formly consistent in a majority of the 
cases, and only a few variations have 
been observed. 

In the normal type of development, 
after the formation of four free nuclei in 
the promycelium, the lowermost nucleus 
is separated off by a septum (fig. 9) 


I 
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which appears to be laid out by cleavage 
furrows. This is facilitated by the dif- 
ferentiation of small vacuoles which 
coalesce with one another. The two- 
celied promycelium thus produced has an 
upper three-nucleate cell and a lower 
uninucleate cell. The apical portion of 
the upper cell very soon elongates into a 
whiplike process into which the three 
nuclei migrate along with the cyto- 
plasmic contents. This whiplike struc- 
ture, although usually terminal, often 
develops in a lateral position (fig. 10). 
In the lower cell the nucleus remains in- 
active and in later stages degenerates. 
The cell contents become highly vacuo- 
lated and in some instances undergo 
shrinkage. 

In one of the observed variations the 
entire process of development usually 
found in the upper cell of the promyce- 
lium is restricted to the lower cell (fig. 
ii) ; i.e., the upper cell is uninucleate and 
sterile, whereas the lower one is three- 
nucleate and develops the infection 
hypha. In another instance, after the 
linear row of four nuclei was organized in 
the promycelium, two septa were laid 
separating three cells. The upper cell was 
binucleate. The middle cell showed some 
activity in having a single nuclear divi- 
sion and becoming binucleate (fig. 12), 
but very soon all the nuclei within the 
two lower cells degenerated, leaving only 
the upper fertile cell. In such cases the 
promycelium appears to be three-celled, 
but only one of the cells is fertile. The 
three-celled promy celia observed by 
Ajrekar and Tonapy might be of simi- 
lar nature. In still another type of varia- 
tion, after the first meiotic division and 
the separation of the two daughter 
nuclei, the lower one degenerates and the 
upper one, by further division, forms a 
binucleate promy celial cell (fig. 13). 

The promycelium in ? 7 . aloes is thus 


usually two-celled, with one fertile cell 
and one sterile cell, or three-celled, ow- 
ing to the presence of two sterile cells. 
The fertile cell develops a whiplike struc- 
ture which, during infection, directly 
penetrates into the host and is therefore 
of the nature of an infection branch. In 
other rusts the cells of the promycelium 
may develop a whiplike branch in place 
of a sporidium when excessive moisture 
conditions prevail during teliospore ger- 
mination. Such abnormal types of telio- 
spore germination are common among 
partly submerged spores with limited 
oxygen supply. In U. aloes ^ however, 
even in a seemingly suitable environ- 
ment, the development of basidiospores 
has never been observed. It seems certain 
that, they are not formed. The pro- 
mycelial cell has assumed the function of 
the sporidium and develops the infection 
branch. The rounding-up of promy celial 
cells (fig. 14) which behave like sporidia 
has been recorded in species of the genera 
Chrysocelis Diet, axid Acemilopsora Thir- 
umalachar. Ajrekar and Tonapy com- 
pared it with the genus Barclayella Diet. 
{ = Chrysomyxa), in which, however, the 
rounding-up of promy celial cells has been 
ascribed to abnormal conditions prevail- 
ing during germination. 

Meiosis 

The following cytological details were 
observed for the meiotic divisions of the 
fusion nucleus in the promycelium. The 
fusion nucleus shows a finely staining 
reticulum of chromatin with a nucleolus 
which, in most of the cases observed, is 
situated on the side of the nucleus toward 
the tip of the promycelium (fig. 15). The 
nucleolus stains deeply with gentian- 
violet and haematoxylin. The first indi- 
cation of the beginning of the prophase 
is the condensation of the chromatin 
into long, narrow, sinuous strands. These 




Figs, i i 25.— Figs. 11-13, variation in type of teliospore germination, X400. Fk 14 uDDemromvrf-lial 
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are distributed within the nucleus with- 
out any definite arrangement and con- 
stitute the leptotene stage. Many nuclei 
have been observed in the zygonema 
stage showing the pairing of chromo- 
somes (fig. i6). Very soon after this 
pairing, the chromosomes contract ab- 
ruptly in length and become short and 
stumpy. Six pairs of chromosomes have 
been counted in most of the preparations 
showing diakinesis (fig. 17). The nuclear 
membrane disappears at this stage, and 
the first indication of the organization of 
the spindle is observed. The nucleolus 
disappears completely just at the stage 
of diakinesis. Such a feature has been re- 
ported by several workers (19, 20, 25). 
Olive (21), on the other hand, working 
on the nuclear phenomena of Coleo- 
sporium hdianihi^ noticed the persistence 
of the nucleoli during all the stages of the 
first meiotic division. It was also stated 
that they undergo splitting like the 
chromosomes and are translocated into 
the two daughter nuclei. Since these ob- 
servations by the several investigators 
have been made on very carefully fixed 
and stained preparations, it is probable 
that the behavior of the nucleolus dur- 
ing nuclear division varies in different 
species of rusts. 

The early stages in organization of the 
spindle are obscure. Its formation usual- 
ly coincides with the disappearance of 
the nuclear membrane in late prophase. 
After its organization, the translocation 
of the chromosomes along the spindle to 
the respective poles can be made out 
(figs. 18, 19, 21, 22). Chromosome counts 
made during both diakinesis and the 
metaphase indicate that the haploid 
number is six. Chromosome numbers are 
also known for some other rusts; about 
eight in C. helianthi (21), eight for 
Cronartium ribicola (8), six to ten in 
Coleosporium sonchi-aroensis (14), and 


five in Puccinia malmcearum (2) (in- 
accurately described as two by many pre- 
vious investigators). The presence of a 
centrosome with the characteristic polar 
radiations and other amphiastral figures 
has not been noticed. Savile also failed 
to find them in any of the rust species 
investigated by him. Centrosomes with 
polar radiations have been figured by 
Colley for Cronartium rihicola and by 
Olive for Coleosporium helianthi. In the 
latter rust Olive attributed to them the 
function of contributing toward the for- 
mation of the cell plate. The presence or 
absence of the centrosomes and polar 
radiations might be characteristic fea- 
tures of the particular rust species. 

Toward the later part of the anaphase 
the chromosomes show tendencies to be- 
come clumped (figs. 20, 23) at the poles. 
In many cases they were massed on 
either side of the equatorial region of the 
spindle itself (fig. 22). The telophase is 
soon recognized, the nucleoli and the 
nuclear membrane reappearing. In a 
short time the second meiotic division is 
initiated, resulting in the formation of 
four free nuclei. The spindles in this 
second division are much smaller than in 
the first, with the chromosomes being 
too minute to permit definite counting. 

Inoculation experiments 

Ajrekar and Tonapy by a series of 
inoculation studies proved the autoeci- 
ous nature of T 7 . aloes. They further 
stated that the promycelial cell with its 
threadlike outgrowth might sooner or 
later become separated from the empty 
part of the promycelium and actually 
function as a basidiospore. In the present 
studies, gerniinating teliospores were 
placed on young leaves of . 4 . vera, and 
the inoculated plants were inclosed in 
moist chambers for 48 hours, after which 
they were placed in a greenhouse for 
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observation. The inoculated portions of 
the leaves were fixed at different inter- 
vals (24, 48, and 72 hours after removal 
from the moist chambers), and micro- 
tome sections were cut to observe the 
various stages of penetration into the 
host. The whiplike germ tube, upon con- 
tact with the epidermis of the host, first 
forms an appressorium and enters the 
epidermal cell by the formation of a slen- 
der process (fig. 24). It is probable that 
all three nuclei enter into the host along 
the infection hypha, but no definite ob- 
servations have been made to this effect. 
The three nuclei have not been recog- 
nized individually because of the fact 
that soon after entry they divide, and a 
septate mycelium is developed. This is 
composed entirely of uninucleate cells 
(fig. 25). The mycelium ramifies in the 
intercellular spaces, and later on the 
hyphae are grouped together to form the 
pycnial initials. 

The formation of sporidia is complete- 
ly suppressed irrespective of the condi- 
tions under which germinations are car- 
ried out. It is, therefore, difficult to think 
of monosporidial infections in the usual 
sense of the term. However, as each 
teliospore on germination has been ob- 
served to produce only one fertile pro- 
mycelial cell which is equivalent with the 
sporidia, single teliospore infections 
would achieve the same end as mono- 
sporidial infections. For this purpose, 
single teliospores were easily picked out 
by adopting the dry-needle method of 
Hanna, and they were used for inocu- 
lating healthy leaves of A . vera. Success- 
ful infections were observed in ten cases, 
indicated by the appearance of tiny yel- 
low specks. These gradually expanded 
into patches, and the development of 
pycnia, followed by telia, took place after 
14--20 days. If these single teliospore in- 
oculations could constitute monosporid- 


ial infection — which cannot be claimed 
with certainty — then it might be pre- 
sumed that U. aloes behaves like a homo- 
thallic rust.^ The cytological details ob- 
served during teliospore germination 
indicate that the nuclear cycle is not of 
the usual type found in Puccinia malva- 
cearum but is somewhat complicated. 

Discussion 

In rusts and in many of the higher 
basidiomycetes a species is considered to 
be homothallic when the entire life-cycle 
is completed starting from a single 
uninucleate basidiospore . N umerous 
microcyclic rusts have been studied ex- 
perimentally (4) and their homothallic or 
heterothallic nature confirmed. In P. 
malmcearum (3) the basidiospore is 
uninucleate and on infection develops a 
uninucleate mycelium. Binucleate cells 
appear at various points in the initiation 
of the telial stage, and the two nuclei 
which associate in a young teliospore are 
the products through successive mitoses 
of the original sporidium. According to 
Jackson (15), homothallic rusts were de- 
rived from heterothallic ancestors 
through simplification of the life-cycle. 
Two kinds of homothallism are dis- 
tinguished (6): those that are haplo- 
monoecious like P, malmcearum, where 
the life-history starts with a single 
uninucleate sporidium, and those that 
are sexually heterokaryotic or mikto- 
haplontic (16, 17). In the miktohaplontic 
species, the ascospore or the basidio- 

^In a recent paper Jackson (Trans. Roy. Soc. 
Canada, Sec. V, Ser. Ill, 38:1-32. 1944) stated 
that the two haploid thalli developed from -f- and — 
basidiospores are not of different sex but must be 
interpreted as bisexual (sexually homothallic) 
hermaphroditic, intrasterile, and cross-fertile. If 
Puccinia graminis is then characterized as being 
homothallic, according to this interpretation, Dodge 
(Mycologia 37:784-791. 1945) pointed out that 
miktohaplontic forms like Seurospora tetrasperma 
would be doubly homothallic. 
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spore initially is bisexual, containing the 
nuclei of both sexes. Among the asco- 
mycetes Neurospora tetrasperma (9), 
Fleur age anserina (12), and Gelasino- 
spar a tetrasperma (13) are miktohaplon- 
tic. In two species of basidiomycetes — 
Puccinia arenariae (18), and Cintractia 
montagnei (23) — the promycelium re- 
mains two-celled; the two basidiospores 
receive two nuclei each and thus are con- 
sidered bisporous. These and other basid- 
ially bisporous forms of Hymenomy- 
cetes like Coprinus ephemenis and Galera 
tenera (24) were grouped under mikto- 
haplontic species by Buller (6). Con- 
sidering the life-cycle of U. aloes ^ it is evi- 
dent that the basidium remains mostly 
two-celled, the upper cell containing 
three or rarely two nuclei derived after 
the meiotic division in the promycelium. 
It is probable that this is a case similar to 
that of Cintractia montagnei^ Puccinia 
arenariae y emd others which are con- 
sidered by Buller as basidially bi- 
sporous. 

The degeneration of one or two nuclei 
in the lower cell of the promycelium in 
U, aloes is rather enigmatic. Usually in 
rusts after the meiotic divisions in the 
promycelium, the four nuclei are dis- 
tributed in four haploid or two diploid 
sporidia. The degeneration of any of the 
nuclei would mean a loss of certain com- 
binations of characters. Such a phe- 
nomenon, however, has been observed in 
some of the basidiomycetes of which two 
instances are cited. 

a) Endophyllum valerinae-tuberosae is 
a homothallic rust with a uninucleate 
mycelium. In the young teliospore two 
nuclei are present, but no synkaryon is 
formed, one of the two nuclei degenerat- 
ing. The remaining nucleus migrates into 
the promycelium, and a mitotic division 
results in a two-celled promycelium. The 
upper cell forms a uninucleate sporidium, 


while the nucleus in the lower cell de- 
generates. Degeneration of nuclei thus 
occurs twice within the course of the 
life-cycle. 

h) In Psalliota campestris the basidium 
is bisporous, each spore possessing two 
nuclei. Buhr (5) observed that in some 
basidia only a single nucleus enters each 
basidiospore, the other two nuclei de- 
generating within the basidium-body. 
The degeneration of one or two nuclei in 
the lower cell of the promycelium of U, 
aloes is comparable with the condition 
present in the two above-mentioned 
cases and might indicate an aberrant 
mode of the sexual process. 

Since the discovery of the functions 
of pycnia by Craigie, rust species with 
well-developed pycnia are usually con- 
sidered heterothallic (4), and in the 
homothallic species the pycnia are either 
absent or underdeveloped. In U, aloes 
the pycnial development is incomplete in 
the sense that no ostiole with flexuous 
hyphae are produced. The pycniospores 
are extruded out of the narrow pore 
through the epidermis and collect in a 
droplet of secreted nectar. In some of the 
pycnia the entire cavity is filled by 
pycniosporophores without any spore 
development. According to Jackson 
(15), ^^the presence of spermagonia or 
spermatia, however, should not be con- 
sidered as indisputable evidence that the 
species is heterothallic. It is quite pos- 
sible that in species spermatia are 
formed but are no longer functional.’ ' 
Jackson cited as evidence the instances 
of Endophyllum euphorbiae-sylvaticae and 
Gymnoconia nitens~\h.t form with a 
four-celled promycelium studied by 
Dodge and Gaiser (10)— in which the 
nuclei do not fuse prior to the formation 
of the basidium, thus suggesting a 
homothallic development, and yet they 
show development of pycnia. £. cen- 
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tranthi-ruhri and one of the uninucleate 
strains of G. nitens, which possess the 
haplophase throughout their life-cycles, 
could only be homothallic. However, 
pycnial development has been observed, 
and these must be nonfunctional. In 
Cystopsora oleae the mycelia produced as 
a result of sporidial or aeciospore inocu- 
lations of young leaves are first multi- 
nucleate and later on dikaryotically 
diploid, and yet well-developed pycnia 
with ostiole and paraphyses as in hetero- 
thallic rusts are present (28). 

Jackson (15), in comparing the life- 
cycle of Herpobasidium filicmum with 
the microcyclic rusts, enumerated six 
distinct types of variations present in 
the endo- and micro-forms. The life- 
cycles of long-cycled rusts are mostly 
uniform in all essential features. The 
life-cycle of U. aloes shows that it cannot 
be equated with any of the types enu- 
merated by Jackson and thus adds an- 
other variation. 

Summary 

j/Uromyces aloes (Cke.) Magn. is a 
microcyclic rust developing pycnia and 


telia on the leaves of Aloe vera. The 
pycnia are subepidermal and remain 
abortive and underdeveloped in many 
cases. 

2. The telia are subepidermal, and the 
teliospores germinate readily, producing 
usually two-celled, and rarely three- 
celled, promycelia. The terminal cell, 
which may thus be bi- or trinucleate, is 
fertile, while the nuclei in the lower cell, 
or cells, degenerate. The terminal fertile 
cell produces an infection hypha which 
penetrates into the host. Development of 
basidiospores has not been observed, but 
the terminal cell of the promycelium as- 
sumes the function of basidiospores. 

3. A detailed cytological study of 
teliospore germination has been made. 
The haploid chromosome number, as de- 
termined during the meiotic divisions of 
the fusion nucleus in the promycelium, 
is six. In its type of teliospore germina- 
tion, U. aloes has been shown to resemble 
Puccinia arenariae, Cintractia montagnei, 
and others which are considered to be 
basidially bisporous by Buller. 

University oe Wisconsin 
Madison, Wisconsin 
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CHARACTERISTICS OF THE NITROGEN-FIXING 
ENZYME SYSTEM IN NOSTOC MUSCORUMV 

R. H. BURRIS AND P. W. WILSON 


Introduction 

Fixation of molecular nitrogen by the 
blue-green alga Nostoc muscorum is of 
special interest, since in some respects 
this system represents an intermediate 
between fixation by the free-living 
heterotropliic bacterium, Azotobacter, 
and the symbiotic combination of Rhizo- 
hium plus leguminous plant. Previous 
studies from this and other laboratories 
(2,^4, 9), dealing with the properties of 
the enzyme systems responsible for 
nitrogen fixation hy Azotobacter and by 
inoculated red clover plants {Trifolium 
pratense with R, trifolii), established 
that these two systems resemble one 

^ This research was supported in part by grants 
from the Rockefeller Foundation and the Wisconsin 
Alumni Research Foundation. 


another in many critical respects — dis- 
sociation constant (irN2), response to 
Ha and to CO. Extension of such in- 
vestigations to Nostoc was recognized 
but delayed because of lack of suitable 
technique. Fixation by this organism is 
slow, and replicates often vary consider- 
ably. As studies on the nitrogen-fixing 
system are as yet limited to growing cul- 
tures, these defects in experimental 
method discouraged enzyme studies; it 
appeared unlikely that sufficient pre- 
cision would be obtained for investiga- 
tions of this nature. We have overcome 
to a considerable extent this handicap 
by use of many-fold replication and by 
application of the isotopic tracer method. 
Although the data still lack the precision 
achieved with either Azotobacter or in- 
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oculated red clover plants, they are suf- 
ficiently precise for comparison with 
these two. 

Methods 

The pure culture of N. muscorum em- 
ployed was kindly furnished by Dr. F. E. 
Allison. Inoculum for the experiments 
was prepared: 25-ml. portions of ap- 
proximately 2-week-old cultures in Roux 
bottles were transferred to 100 ml. of 
fresh Allison’s nitrogen-free medium 
with 1% sucrose (i) in i-liter Roux 
bottles, and the cultures were incubated 
about I week in a south window at a 
room temperature of approximately 
25° C. Six of these 1 25-ml. cultures were 
then combined with 800 ml. of fresh 
medium and shaken vigorously with 
glass beads in a 2-liter flask. Sterile air 
was passed through the flask rapidly to 
keep the algal clumps suspended, while 
35-ml. portions were pipetted into i-liter 
flat-bottomed pyrex bottles. Combined- 
nitrogen compounds were added to indi- 
vidual bottles as sterile neutral solutions 
in i ml. volume. The bottles were 
stoppered in pairs, and gases were re- 
moved and added through cotton plugs 
to the two bottles simultaneously. Unless 
otherwise noted, the PO2 was initially 
0.2 atm., and the 0.05 atm., in all 

bottles. The other gases were varied as 
indicated by particular experiments. The 
culture bottles were incubated in a green- 
house at a normal temperature of 22°- 
25° C.; during the late spring and sum- 
mer months the temperatures exceeded 
25°, and it was necessary to shade the 
bottles from direct sunlight. The bottles 
were illuminated at night by 200-watt 
bulbs in reflectors at a distance of 30 
inches. Cultures were usually analyzed 
after incubation for 4-7 days. The cells 
from flasks to which combined nitrogen 
was added were washed by centrifuga- 
tion before Kjeldahl analysis. 


Experimentation ■ 

The function 

The partial pressure of nitrogen (^Na) 
was varied from 0.02 to 0.75 atm.; 
helium was added to atmospheric pres- 
sure, correction being made for the 2.5% 
N2 in the helium sample. Each treat- 
ment was replicated four times in the 
nitrogen-fixation series and twice in the 
combined-nitrogen series (300 p.p.m. 
NH^-N). Variations arising from lack 
of uniformity in inoculum, in alterations 
of growth rate through disturbing the 
algal pad, and from differences in light 
should be partially eliminated by aver- 
aging of the replicates. Data from four 
trials are summarized in table i . Con- 
siderable variation in response still exists 
both within and among the experiments 
even when the averages are used. In gen- 
eral, the data agree with those obtained 
in similar experiments made with Azoto- 
bacter (10) and with red clover plants 
(9), but two quantitative differences are 
suggested. 

First, there is some evidence that as- 
similation of fixed nitrogen is not entirely 
independent of the If true, it indi- 
cates that the level of NH^-N used was 
insuflicient to inhibit completely nitro- 
gen fixation, a result quite different from 
that noted with the other agents (ii). 
Because of its implication for the 
mechanism of fixation, this suggestion 
is worth keeping in mind, though the 
evidence is certainly not conclusive, since 
the differences are neither marked nor 
consistent in the sense that uptake of 
NH^“N always decreased when the PN2 
was lowered. 

Second, the dissociation constant 
appears to be at least o.io atm. 
(see data in last column of table i ; value 
of the at which fixation is one-half 
maximum). With Azotohacter (10) the 
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value is 0.01-0.02 atm. and with red available to decide this definitely, calcu- 
clover, about 0.05 atm. (9). If the data lations were made of two possibilities: f 

are plotted for estimation of (i/^^Na (a) a linear rate, i.e., the final total nitro- 

against i/v) decision must be made as to gen fixed was used as a measure of v; (b) 
the best measure of v, the velocity con- a logarithmic rate in which the first-order 
stant of fixation. As insufficient data are velocity constant, k == 2.303/time in 


TABLE 1* 

Assimilation of and ]SrHj^''-N as function of the /^n^ by Nostoc muscorum 



NHt-N ASSIMIIATEP (MG./3S ML.) 


Na FIXED (MG./35 ML.) 


(atm.) 


* Values in table corrected for nitrogen at start. Blank indicates not included or sample lost. 


X Relative to value at 0.7s atm. = 100. 


4. VALUES 


”-3+0059 ypN2 
Kts42=a020+ 0003 


Fig. I. — Response of Nostoc muscorum to partial pressure of nitrogen in atmosphere. Values of h in each 
experiment adjusted to a common ^max for the combined plotting. Each point is average of three to four 
separate determinations, each of which is based on four replicates. 

Insert: Calculation of iCNa from these data. Individual determinations shown. 
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daysXlog (final N/ initial N), was used, eluded four in -whicli partial pressures of 
The following values for the were N2 of 0.75 and o.io atm. were compared 
obtained under the first, assumption: in the absence of the inhibitor. The 
0.028, 0.042, 0.041, and 0.058 atm. average value of k for the former was 
Combining the data from all experiments 0.414 and for the latter, 0.268. Calcula- 
led to a value of 0.032 atm., but the ap- tion of from the formula (10) 
propriate statistical test (6) indicated k—¥ 

that a, linear function did not properly 
describe the combined data, so this 

value is suspect. for these four trials led to a value of 

The data based on an assumed log- 0.07 ± 0.019 atm. (cf. with red clover 
arithmic rate are shown in figure i. In equal to 0.05 atm.). Although a more 
this case the combined data showed less precise evaluation of K^2 for the Nostoc 


TABLE 2 


Effect of H2 on uptake of free and combined nitrogen by 
Nostoc muscorum (isotopic experiments) 


Expt. 

Time in 

Hoims 

^>N. 

(atm.) 

po ^ 

(ATM.) 

1 

Atom % 

Vacuum 

EXCESS N*S 

0.6 atm. Ha 






' 0.267 

0.172 

S 

70 

0,16 

0.24 


jO.224 

0.179 






LO.313 

0. 182 

6 

144 

.20 

.20 


S -44 

5*20 

7 • • 

36 

.20 

.20 


0.171 

0.050 






6-43 

6.74 

8* 

28 

0.20 

0. 20 


6.60 

6.46 






,6.82 

6.61 


* so p.p.m. NH^-N (32% atom excess N^s) added in this experiments 



evidence of nonlinearity, but a more de- system awaits additional experiments in 
sirable fit to a straight line is still needed; which the rate of reaction is determined 
the F value (6) was just at the 5% level by periodic analyses, present estimates 
of significance. Also, several of the ob- justify the conclusion that this signif- 
served rates at the higher partial pres- icant enzyme constant does not differ 
sures of N2 (0.40 and 0.75 atm.) are markedly from those of the nitrogen- 
greater than the estimated ^max* Al- fixing systems in A and Tri- 

though the excesses are not more than folium. 
can be accounted for by experimental 
error, their existence casts doubt on the 
accuracy of the estimated For these 
reasons the indicated value, 0.02 ± 0.003 
atm., is highly provisional, and its close 
agreement with that observed with 
Azotobacter (10) is likely only fortuitous. 

Experiments concerned with influ- 
ence of CO on the fixation process in- 


The PR2 FUNCTION 

A critical test for comparison of 
nitrogen-fixation systems is their re- 
sponse to molecular hydrogen. Although 
this gas is inert for most enzyme systems 
other than those involving hydrogenase, 
it specifically and competitively inhibits 
nitrogen fixation by both Azotobacter 
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Mmpariaon of assiniilaUoft of wfa^rmflN ’(Lft^^-nttrogTiT'^rimen't^N^- 
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ATOM % 
EXCESS 


>a> 0.0 ATM. . 
' 0.6 

EXPERIMEI^T 1 1 O I 
12 

13 ai 


2.00 


h-1.00 


^■■■i i ■ 'y 


time in hours 


Fig. 3. Effect of hydrogen on rate of nitrogen 
^x^tiQu hy Nostoc muscorum, 

(13) and red clover (9). Because of the 
importance of the effect of hydrogen, a 
more sensitive method was sought for 
verification of data obtained in the total- 
nitrogen type of experiment. It was 


lound that many of the irregularities 
could be eliminated if isotopic were 
used to measure fixation as has been pre- 
viously described^ (3). The absolute 
quantity of cells initially added as inocu- 
lum is not especially critical in governing 
the amount of they assimilate, and 
the experiments can be completed in a 
relatively short time, minimizing con- 
fusing secondary reactions. The chief 
limitation of the method at present re- 
sults from the lack of sufficient equip- 
ment to handle numerous replicates in 
a single experiment. For this reason we 
have not used it in the experi- 
ments, although the procedure is cer- 
tainly recommended whenever facilities 
become available. 

For test of the i^Qth.od A zotobacter 
cultures were grown in the presence and 
absence of Ha (0.6 atm.); the excess of 
found in the cultures after 28 hours 
over that normally present was: without 
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H. , 3.52, 3.44, and 3.44; with 2.66, 

f 3.06, and 2.67 atom %. In a second ex- 

periment after 19 hours the values ob- 
tained were: without 1.45, 1.43, and 

I. 66; with H2, 0.96, 1.07, and 0.70 
atom %. 

Data in table 2 and in figures 2 and 3 
demonstrate that H2 likewise specifically 
inhibits nitrogen fixation by N. mus- 
corum. This is evidenced by the results 
obtained with (table 2, figs. 2, 3) as 
well as by those with the more tradition- 
I al total-nitrogen method (fig. 2, expt. 9) . 

The specificity of the effect is illustrated 
by the data of experiments 8 (table 2) 
and 9 (fig. 2), which indicate that the 
effect of H2 is confined to assimilation of 
Na and has little, if any, effect on uptake 
of NH^-N. Whether the effect is com- 
petitive or not cannot be stated without 
further additional study, but the results 
of experiment 10 are consistent with the 
view of competition. The results of experi- 
ments II, 12, and 13 (fig. 3) suggest 
that, as previously noted with the other 
f nitrogen-fixing agents, the effect is on 

I the rate of fixation. From these results 

j with Ha it is concluded that the nitro- 

i gen-fixing system in Nostoc is closely re- 

j lated to that in Azotolacter and in red 

! clover. 

I The pCO function 

I Further evidence of the similarity of 

I the nitrogen-fixation system in Nostoc 

: with that in Azotobacter and in red clover 

is furnished by experiments dealing with 
the effect of CO. This gas does not 
possess the specificity for inhibition of 
fixation shown by Ha, since it may affect 
the assimilation of nitrate and, at rela- 
tively high concentrations, of ammonium 
(12). Nevertheless, because of quanti- 
tative differences in the effect on fixation 
of Na as compared with assimilation of 
the combined forms, its use as an inhibi- 



tor provides another valuable criterion 
for establishing similarities and differ- 
ences among biological nitrogen-fixing 
systems. 

TABLE 3 

Effect of CO on fixation of Na by Nostoc 
MUSCORUM (isotopic EXPERIMENTS) 


Expt. 

Time in 
hours 

^CO Atom % 

(atm.) e.xcess N^s 

14 

PO2—0.2 

atm. 

^N3=o. 2 

38 

0.00 0,108 

.131 

-138 



. 006 , 039 

.033 

•03s 

PO2—0.2 
atm. 
^N2 = 0.2 

28 

.000 .115 

.144 

.0005 .107 

. 002 , 060 

0.004 0.009 


TABLE 4 

Action of CO on the assimilation 

OF AMMONIUM NITROGEN BY NOS- 
TOC MUSCORUM (isotopic EXPERI- 
MENT 16) 



The response of N. muscorum to CO 
was determined in isotopic and total- 
nitrogen experiments; the results are 
summarized in tables 3-6 and in figure 4. 
The specificity of the action of CO at a 
pCO of 0.006 atm. (0.6%) or less is 
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demonstrated by comparison of the data 
in tables 3 and 4. The ammonium ion in 
experiment 16 (table 4) was supplied 
as 50 p.p.m. (1^114)2804 containing 32% 
atom excess After 24 hours’ incuba- 
tion the cells were recovered by centrif- 
ugation, washed, and analyzed for 
Since the level of the heavy isotope was 
approximately the same in all samples, it 
is concluded that CO at the concentra- 
tions employed has no effect on assimi- 

TABLE 5 

Effect of CO on assimilation of free Ni- 


pco 

Experiment 17 

(96 HR.)* 

Experiment 
(96 HR.;* 

(atm.) 

Na fixed/ 
35 ml. 
(mg.) 

Rela- 

tive 

Na fixed/ 

35 ml. 

(mg.) 

0,000. ..... 

2.09 

100 

I. II 

.0002$, . . . 

2.67 

127 

1. 17 

•0005 

I-S 4 

74 

1.06 

.00075 

1.83 

87 

1.06 

.0010. .... 

1 .84 

88 

0.89 

•0015 

0.89 

33 

0.34 

.002 

0. 19 

9 

0,13 

0.003 

0.05 

2 

0.05 

* p'biz 0.75, pOa — 0.2 atm. in both experiments. 


Effect of C( 

3 ON UPTAKE 


la tion of NH^ and is therefore specific 
for fixation of Nj. Similar results were 
obtained in experiments 17-22 (tables 
5 , 6) which were based on total-nitrogen 
data and which included both nitrate 
and a^onium nitrogen. A rate experi- 
ment is shown in the insert of figure 4. 

In general, the response of Nostoc to 
CO is similar to that already observed 
in Azotobacter (7, 12) and red clover (8). 
The effective levels are of the same order 
of magnitude, and the inhibition at these 
low pCO values appears to be restricted 
to fixation of N2. The differences between 
the influence of CO on uptake of NO," 
and NH+ established in respirometer 
experiments with Azotobacter (12) are 
not too much in evidence (table 6), but, 
in view of the experimental error and the 
relatively long time required for the 
total-nitrogen experiments, the expected 
comparatively small quantitative dif- 
ference could be readily hidden. More 
important differences are suggested by 
the^data dealing with the nature of the 
inhibition shown in figure 4, in which 
the average values from four experi- 
ments with a of o.io atm. and from 


TABLE 6 



^CO 

300 P.P.M. NO3 -N 

300 P.P.M. nh;J’-n 

Expt.* 

(atm.) 

Uptake /3S ml, 
(mg.) 

Relative 

Uptake/3S ml. 
(mg.) 

Relative 

19 (i2ohr.). .. . . , 

fo.ooo 

[0.003 

3.29 

2.49 

100 

76 

6.07 

5.05 

100 

83 

20 (96 hr.). I 

1 fo.ooo 
10.003 

2.32 

1.86 

100, 

1 8c 

1 4.65 

4.49 

100 
' 96 

21 (96 hr.) 

fo.ooo 

10.002 

2.80 

3.24 

100 

1 15 

5.35 

4.73 

100 

88 

22 (96 hr.) 

fo.ooo 

[0.002 

2.81 

2.68 

100 

95 

3*71 

3.40 

100 

92 


- 0.7S, - 0.20 atm. in all experiments. 
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five experiments with a PN2 of 0.75 atm. 
are plotted. Each point at the lower PN2 
represents eight replicates and, at the 
higher, fourteen replicates. Two results 
are noteworthy: (a) the quantity of 
nitrogen fixed at a pCO of 0.0005 atm. 
and a of 0.75 atm. was consistently 
greater than that in the absence of CO 
and (b) competitive inhibition is indi- 
cated, since CO exerted a greater per- 
centage inhibition at the lower ^Na. A 
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by Nostoc (Michaelis dissociation con- 
stant, i^Na), although not determined 
with great precision, apparently does 
not differ markedly from those observed 
lox A%otohacter (0.02 atm.) and red clover 
(0.05 atm.). 

2. The response to Ha and CO is much 
the same as with the Azotobacter and the 
symbiotic system. The data indicate con- 
siderable unity in the properties of the 
nitrogen-fixation systems in the three 
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Fig. 4. — ^Effect of CO on fixation of nitrogen by Nostoc muscorum at different p'Nz. (expts. 24-28). 
Insert: Time course of effect of CO measured by fixation of 



stimulative action of CO has not been 
observed with either Azotobacter or red 
clover, and the inhibition of Azotobacter, 
at least, is largely, if not entirely, non- 
competitive (s). 

Summary 

I . The properties of the nitrogen-fixing 
enzyme system in Nostoc muscorum ap- 
pear to be very similar to those already 
noted in the free-living bacterium, Azoto- 
bacter and in the symbiotic system of 
Trifoliumr pratense and Rhizobium tri- 
Join, The half-maximum rate of fixation 


types of organisms. The specific activity 
of CO in very low concentrations and of 
Ha are unusual phenomena; this adds sig- 
nificance to their action on the enzyme 
systems from different sources. 

3. Although the evidence strongly 
suggests that nitrogen fixation is medi- 
ated by similar enzyme systems in 
Azotobacter, Trifolium, and Nostoc, one 
point of difference may exist which 
might be significant. In contrast to 
Azotobacter (and possibly red clover), CO 
is more effective as an inhibitor of Na 
fixation hj Nostoc at a pNz of o.io atm. 
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than at a of 0.75; this is suggestive 
of competitive inhibition. The half- 
maximum rate of fixation occurs at ap- 
proximately a pCO of 0.0006 of 
o.io atm.) and at a pCO of 0.0014 {P^2 
of 0.75 atm.). These values .are inter- 


mediate between those noted with ^20- 
tobacter (0.004-0.005 atm.) and with red 
clover (0.0002 atm.). 

Department of Agricdltdeal Bacteriology 
University of Wisconsin 
Madison, Wisconsin 
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cytological studies in the alismaceae 

WALTER V. BROWN 


Introduction 

The present study was undertaken to 
determine whether cytology can be of 
aid to a clearer understanding of the 
taxonomically difficult gtmis Sagittaria 
and to determine with more certainty the 
chromosome numbers and morphology of 
species in this genus and A Kiwa. 

Oleson (9) reviewed the literature 
concerning chromosome numbers in this 
family through 1941. Her count for 


with those of Liehr (4), 271=12, and of 
WuLFE (13), 271 = 10. Hagerup (2) re- 
ported this species to have 7i= 7 and A. 
IdTiceolatuTfi 71 = 14, thus confirming Ole- 
son’s determination. In Xagfitona, also, 
a range in numbers has been reported. 
Liehr counted 2w= 16 for S. sagUtifolia, 
Taylor (ii) 271= ca. 20 iox S . mmtevi- 
densis,^ Nawa (8) 2w= 2o for X. trifolia 
var. xmewm, Lohammar (s) 271=22 for 
S. sagittifolia and S. nataTis, Morinaga 
and Fukushima (6) 271= 22 for S. trifolia 
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var. sinensis^ and Shinke (10) 2n=22 
for S. aginashi. Oleson found two more 
species to have 2^=22 — S. latifolia and 
S. rigida. All these workers studied sec- 
tions of root tips and stated that they 
encountered considerable difficulty in 
counting the long and twisted chromo- 
somes. 

Material and methods 

Mitotic chromosomes were studied in 
all species, smears being made of the 
root tip in aceto-carmine. Inasmuch as 
it was desired to spread the chromosomes 
a great deal, very little tissue was used on 
each slide, and considerable pressure was 
exerted on the cover slip to break the cell 
and, to a limited extent, to scatter the 
chromosomes. Absolute-acetic was used 
as the fixative (7 parts absolute alcohol 
to 3 parts glacial acetic acid) for a short 
time only, one-half hour to an hour. The 
material was smeared immediately after 
and directly from the fixative. All plants 
studied were collected by the author, ex- 
cept S. arifolia and A . subcordatum, from 
Colorado Springs, Colorado, furnished 
by Mr. Robert Livingston, and S. 
sagittifolia, which was purchased. Potted 
plants were grown in an artificial pool in 
the greenhouse at Duke University for 
ready access to material and then grown 
to maturity for herbarium specimens, 
which are in the author’s personal 
herbarium. 

Observations and discussion 
Alisma 

The chromosome numbers of all 
genera and species of Alismaceae so far 
studied cytologically are listed in table i. 
The author’s counts of 2;^= 14 (fig. 6) for 
A, trimale and 2^= 28 (fig. 4) for ^ 4 . sub- 
cordatum substantiate the counts of 


Oleson and Hagerup. It is probably 
true, as Oleson stated, that the basic 
number in this genus is seven. The au- 
thor disagrees, however, with Oleson’s 
findings on the morphology of the chro- 
mosomes of Alisma. She stated that 
^They may be classed as long, medium 
and short.” This is true, but, as figures 
I, 2, 4, and 6 show, these categories are 
arbitrary and practically useless. The 
author finds a fairly regular series of 
chromosomes decreasing in length from 
about 22 to.8 iu. Oleson further stated: 
‘Tour chromosomes are long, 2 having 
median and 2 sub terminal constrictions; 
6 of these are of medium length and 4 are 
short.” This is quite different from the 
author’s findings. Whereas Oleson re- 
ported two long chromosomes with 
median constrictions, the author finds 
that ten chromosomes have the constric- 
tion so located (fig. 6). Oleson’s four 
short chromosomes are the only ones 
with subterminal constrictions in the 
author’s material. 

Fernald (i) recently revised the 
taxonomic concept of American species 
of Alisma. He finds that American 
Alisma is distinct from the European A. 
plantago-aquatica L. There are two 
species of Alisma in the United States, 
A. triviale Pursh, the more northern 
species with larger flowering parts, and 
A . subcordatum Raf ., more southern with 
smaller flowering parts. Oleson’s A. 
plantago is probably A . triviale^ the dip- 
loid species, as found in the present in- 
vestigation. A. subcordatum is tetraploid. 
Hagertjp reported the European species 
A. lanceolatum to be tetraploid with 
14. Thus, there is one diploid and one 
tetraploid species in Europe and one 
diploid and one tetrapoloid species in 
North America. The polyploidy!, sub- 
cordatum appears to have two sets of 
chromosomes, each of which is very simi- 
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lar in shape and length to the set found 
in triviale (ci. figs. 4 and 6 as well as 
figs. T and 2). 

Sagittaria 

In Sagittaria y as in Alisma, there has 
been disagreement as to both chromo- 


author himself states. The present paper 
reports the numbers in fifteen species of 
Sagittaria (table i); all are the same— 
2n= 22. Nineteen species have now been 
studied cytologically with no polyploidy 
or variation in chromosome number be- 
tween species. 


TABLE 1 


Chromosome numbers in Alismaceae 


Genus and species 

n 

an 

Authority 

Alisma plantago L 



Liehr (4) 

WULEE (13) 

Oleson (9) 

Hagerup (2) 

Brown 

Hagerup (2) 

Brown . 

Hagerup (2) 

Narasimha Murthy (7) 
Taylor (ii) 

Brown 

Brown 

Brown 

Brown 

A. plantago L 



A. plantago L 



A. plantago-aquatica L.. 

7 


A. triviale Pursh 


lA 

A. lanceolatum With. = A. stenophyl- 
lum Asch. & Gr 

14 


A. subcordatum Raf 

28 

Echinodorus ranunculoides L. . 

9 

Limnophyton obtusifolium (L.) Miq 

12 


Sagittaria montevidensis Cham.-pSchl.. . 

ca. 20 


S. stagnorum Small 


22 

S. kurziana Gluck .............. 


22 

22 

S. kurziana X stagnorum 


S. subuiata var. gracillima J. G. Smith 
S. natans Pallas 


22 


S. teres Wats.. 



Brown 

Brown 

Brown 

Brown 

Oleson (9) 

Brown 

Brown 

Brown 

OtTTQATvT (r^ 

S. graminea Michx 


22 

S. falcata Pursh. 


22 

S. lancifolia L. ^ 


22 

S. rigida Pursh 


22 

S. rigida Pursh 


22 

S. weatherbiana 


22 

S. arifolia Nutt 


22 

S. latifolia Willd 

11 

2 2 

S. latifolia Willd 


22 

Brown 

Brown 

Brovshst 

S. pubescens Muhl. ............ . 


22 

S. longirostra (Micheli) J. G. Smith. . 


22 

S. engelmanniana J. G. Smith ... 


22 

16 

22 

Brown 

T TTr*TTT? ( a\ 

S. sagittifolia L . 


S. sagittifolia L 


JL/XXbXlJx 14 / 

Lohammar (s) 

Brown 

Nawa (8) 

Morinaga and Fuku- 

SHIMA (6) 

Shinke (10) 

S. sagittifolia L.. 


22 

S. trifolia var. sinensis (Sims) Makino 


20 

S. trifolia var. sinensis (Sims) Makino 

S. aginashi Makino. . . . . . . . ..... 


22 

22 

II 




some number and morphology. The re- All species appear to have the same 
ports of Shinke, Lohammar, Morinaga type of genom. Taylor, Morinaga and 
and Fukxjshima, and Oleson agree that Fukushima, and Shinke agree that 
the various species studied by them have there is one pair of long chromosomes 
2^= 22. The counts of Liehr and Nawa with median constriction. Oleson found 
have since been^ checked and corrected two pairs with median constrictions, as 
by later investigators. The count of did Lohammar. Shinke’s description of 
Taylor, 2#= ca. 20, is indefinite, as the the chromosome complement of 5 . 



Figs. i-g.—Figs. 1-3, idiograms of: fig. i, Alisma trivicde; fig. 2, A. subcordatm 
4.-9, chromosome complements of : fig. 4,A.subcordatum; fig. 5, S. lorata; fig. 6, A, U 
fig. 8, S. laiifolia; fig. 9, All chromosome drawings reproduced at X800. 
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aginashi— two very long chromosomes 
having central fiber-attachment constric- 
tions, eighteen rod shaped with sub- 
terminal constrictions, and two very 
short ones rod shaped but fiber-attach- 
ment point not designated — is the most 
nearly correct description in the litera- 
ture. Add that the very small chromo- 
some has a submedian constriction, 
and he has described the chromo- 
some set as found in all species of 
SagiUaria yet studied cytologically. Fig- 
ure 3 represents a typical or average 
idiogram for Sagittana based on meas- 
urements of the complements of ten 
species and on one or more sets for each 
species. The study was not set up to de- 
termine and measure chromosome length 
with great accuracy, nor were sufl&cient 
chromosome sets of each species meas- 
ured. There may be significant differ- 
ences in individual chromosome lengths 
between species, but this study did not 
determine that. This average idiogram 
consists of one very long chromosome 
about 22 p. long with a central primary 
constriction, one very short chromo- 
some about 6.5 M long with submedian 
constriction, and nine chromosomes 
with subterminal constrictions and vary- 
ing in length: 16, 14.5, i3> 12.5, 11.5, ii, 
10.5, 10, and 9 /.t, respectively. The short 
chromosome in the complement has a 
submedian constriction dividing it into 
two arms, one of which is twice as long 
as the other. The shorter arm is approxi- 
mately twice as long as the short arm in 
the chromosomes with subterminal con- 
strictions. This chromosome is definitely 
not in the latter group, however, as all 
chromosomes with subterminal constric- 
tions have short arms that appear al- 
most spherical, with a diameter slightly 
less than the diameter of the long arm. 
This is not true of the short arm of this 
shortest chromosome. 


The idiograms of Alisma and Sagit- 
taria are quite different (cf. figs, i and 3). 
On the basis of Lewitsky’s (3) hypothe- 
sis — that primitive members of a group 
have mostly isobrachial chromosomes, 
while derived members have mostly 
heterobrachial — it would appear that 
Alisma is a rather primitive genus while 
SagiUaria is more advanced or derived. 
If four of the five isobrachial chromo- 
somes of Alisma divided to form eight 
heterobrachial units, a complement simi- 
lar in number to that found in SagiUaria 
could be formed. Similarly, a genus 
phylogenetically intermediate between 
these two would be expected to have an 
intermediate number of chromosomes 
and from two to four isobrachial mem- 
bers. Hagerup (2) reported Echino- 
dorus ranunculoides to have ^= 9, but 
the morphology of these chromosomes 
was not determined. It might be ex- 
pected, however, to have three long iso- 
brachial chromosomes and six with sub- 
terminal constrictions. 

Summary 

1. The chromosome numbers of two 
species of Alisma and fifteen species of 
SagiUaria are reported. 

2. The basic number in Alisma is 

7, consisting of five isobrachial and two 
heterobrachial chromosomes. trimale 
is diploid, A. suhcordatum is tetraploid. 

3. All nineteen species of SagiUaria 
that have been studied cytologically 
have 2n^b.2^ consisting of one pair of 
long chromosomes with median constric- 
tion, one pair of very short chromosomes 
with submedian constriction, and nine 
pairs of chromosomes with sub terminal 
constrictions. 

4. It is probable that . 4 is a 
primitive genus, whereas SagiUaria is a 
more advanced or derived type. 
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THE ROLE OF ORGANIC MATTER, ESPECIALLY 
MANURE, IN THE NUTRITION OF RICE^ 

JAMES BONNER 


Introduction 

During the course of an investigation 
of the effects of manure on the growth of 
plants, it was found that rice responded 
to the addition of this material by strik- 
ing increases in growth. The effect of 
manure was first noted in sand cultures 
supplied with a standard inorganic nu- 
trient and could not be duplicated by al- 
teration of the composition of the nu- 
trient solution within wide limits. Neither 

^ Report of work supported by the John Ellis 
Fund. The authoris indebted to Mr. Ellis and to Dr. 
A. D. SnAMELfor their continued interest and many 
helpful suggestions during the course of this work. 


was the effect of the manure on growth 
of rice owing to any possible effects on 
structure or tilth of the substrate, since 
rice is grown with the roots completely 
submerged, so that the effects of organic 
matter on soil structure and hence on the 
aeration of the soil, which are so impor- 
tant with other plants, are of little sig- 
nificance here. The data to be discussed 
below show, on the contrary, that rice 
cultures, under the conditions obtaining 
in these experiments, are able to utilize 
organic nitrogen and that manure influ- 
ences the growth of rice through its con- 
tent of organic nitrogenous compounds. 
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Material and methods 

The rice used was of the variety 
Colusa. It was germinated in a warm 
greenhouse in washed river sand con- 
tained in fiats, and the seedlings were 
used when the plants had attained a 
height of 15-20 cm. to the top of the tall- 
est leaf. No nutrient was added to the 
seedling cultures. Experiments were set 
up either in i -gallon crocks, -quart 
cans, or in 20-cc. shell vials, the size of 
container depending on the purpose of 

TABLE 1 

Reproducibility of rice plants grown indi- 
vidually IN 20-cc. shell vials and har- 
vested IN lots of ten. Experiment M-sq. 
Initial weight of plants, 1.73 gm. 


Row no. 


1. 

2 . 

3 * 

4. 

5 - 

6 . 

7. 

8 . 
9 - 

Av, 


1 weight 
flQ pi.) 

Row no. 

Fresh weight 
(gm./io pi.) 

.61 

10. 

3-83 

.30 

II 

4.09 

•74 

12 

3-62 

•95 

I 3 --- 

4.10 

,26 

14 

3.98 

• 27 

15 - 

4-59 

.71 

16 

4.20 

• SO 

17 

4,62 

•74 

18 

4-15 

.. 12 

Av......... 

4-13 


the experiment and the length of time 
which the plants were to be grown. With 
the plants in crocks or cans, sand was 
used as a substrate. The containers were 
without bottom drainage and were filled 
with nutrient solution so that the roots 
were completely submerged. The nu- 
trient was drained out and replaced by 
fresh at intervals of 1-14 days in the 
various experiments. Plants could be 
grown to maturity in the i-gallon crocks 
and could be grown for 30-60 days in the 
i|-quart cans. Many of the experiments 
were, however, done with seedling plants 
grown over a period of only 2 weeks, for 
reasons which will become apparent be- 


low. In these experiments the rice seed- 
lings were transplanted singly to 20-cc. 
shell vials containing 15 cc. of nutrient 
solution and stoppered with corks. Each 
plant was held in place in a slit in the 
side of a cork, and each cork was further 
provided with a small central hole for the 
addition of water. These vials were con- 
tained in lots of twenty in boxes so con- 
structed that the vials and hence the 
roots of the seedling were kept in dark- 
ness within the box. Plants so cultured 
were grown in the air-conditioned green- 
house for 2 weeks at a constant tempera- 
ture of 80° F. Growth under these condi- 
tions was in general excellent, the fresh 
weight of plants approximately doubling 
during the 2-week period. 

The degree of variability between lots 
of rice seedlings grown in vials is shown 
in table i. Each figure represents the 
fresh weight at harvest of ten rice 
seedlings grown for 2 weeks as outlined 
above. The weights differ from the over- 
all mean by an average of 7% of the 
mean. 

The manure used in this investigation 
was a well-rotted, air-dry, ground, com- 
mercial steer product. The nutrient solu- 
tions used were based on those described 
by Hoagland and Arnon (9) and by 
Vickery et al (18). The Hoagland solu- 
tion supplies all the nitrogen as nitrate, 
while the Vickery solution supplies all 
the nitrogen as ammonium (table 2). In 
both cases the nutrient was diluted to 
one-half of the standard concentration, 
since other work, not here described, has 
established that young rice plants have 
only a relatively low tolerance to salts. 
The initial pH of the nitrate nutrient was 
5.5, of the ammonium nutrient 6.2. 

Results 

Preliminary investigations, — It is 
generally known that ammonium salts 
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are more readily utilized than nitrates by 
young rice plants as a source of nitrogen. 
This has been noted by Kellner (ii), 
Nagaoka (13), Kelley (10), Espino 
(7), Trelease and Paulino (17), The- 
LiN and Beaumont (16), and Pardo 
(14) j among others. Kelley has shown 
(10) that in rice-paddy soils nitrate for- 
mation is slow and that nitrogen tends to 
accumulate as ammonia. Preliminary ex- 
periments confirmed the preferential 
utilization of ammonium nitrogen by 
rice. Plants supplied with nitrate in the 
standard nutrient grew poorly and 
showed typical symptoms of nitrogen 
deficiency while those supplied with am- 
monium nitrogen grew vigorously and 
showed only slight symptoms of nitrogen 
deficiency. Incorporation of solid manure 
in the sand of sand cultures resulted in 
increased growth of plants either in 
nitrate- or in ammonium-containing nu- 
trient solution (table 3) . The manure was 
mixed in the sand with which the con- 
tainers were filled, and the nutrient was 
drained out and renewed once per week. 
Ten per cent by volume of manure mixed 
in the sand gave approximately the op- 
timum effect in increasing growth, and 
this effect was reflected in height, num- 
ber of tillers, and weight of plants pro- 


duced. Similar results were obtained in 
two further experiments with nitrate nu- 
trient. In another series of experiments, 
the addition of manure to ammonium 
nutrient cultures resulted in better 
growth than could be achieved by varia- 
tion within wide limits of the major ele- 
ments in composition of the nutrient 
solution. For this purpose in one experi- 
ment use was made of a triangular design 
in which ammonium, potassium, and cal- 
cium were varied with respect to one an- 

TiVBLE 2 

Compositions of nitrate- and am- 
monium-containing NUTRIENT 
SOLUTIONS USED 


Salt* 

Molasitv in nutrient 

Nitrate- 

containing 

nutrient 

Ammoni- 

um-con- 

taining 

nutrient 

Calciuni nitrate 

0.0025 


Calcium chloride 

w 

8 8 

6 

Magnesium sulfate 

Potassium nitrate 

.001 

.0025 

Ammonium sulfate. 

10 

8 8 

0 

Potassium dihydrogen phos- 
phate 

0 . 0005 



* la addition, micronutrients were added to supply the fol- 
lowing concentrations: Fe, i p.p.m.; B, 0.5 p.p.m,; Mn. o.*; 
p.p.m.; Zn, o.i p.p.m.; Cu, 0.2 p.p.m.; Mo, o.i p.p.m. 


TABLES 

Effect of manure on growth of rice in sand culture. One-half strength 
Hoagland’s solution as nutrient. Eighteen plants per treatment. Ran- 
domized PLOT DESIGN. EXPERIMENT M-i. INITIAL HEIGHT OF PLANTS APPROXI- 
MATELY 10 CM. 



Height 0: 

II days 

P PLANT IN < 

25 days 

:m. AFTER 

3P days 

1 No. OP 

TILLERS 

AFTER 

39 mys 

Dry 

WEIGHT 
(gM./ PL.) 
AFTER 

39 PAYS 

Control: nutrient only. . ............... 

10.4 

13- 5 

17.0 

1-3 

2.49 

5% manure in sand by volume. 

15.9 

19.6 

21.9 

3*7 

7-32 

10% manure in sand by volume 

18.4 

22.6 

26.8 

5-9 

16.92 

25% manure in sand by volume 

. 14.3 

20.9 

27.7 

4.4 

9 S 3 
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other while the anions sulphate, chloride, 
and phosphate were maintained at con- 
stant concentrations. Table 4 gives the 
compositions of the three stock solutions 
employed; these three solutions were 
combined by ninths to obtain nineteen 
different nutrient solutions. Rice seed- 
lings were transplanted from flats to i- 
gallon crocks, two plants per crock, and 
arranged in randomized design with four 

TABLE 4 

Composition of three stock solutions used 

IN MAKING UP A NUTRIENT TRIANGLE FOR 
VARIATION OF AMMONIUM, CALCIUM, AND 
POTASSIUM IONS 


took place while the plants were still 
relatively small. The plants were har- 
vested, dried, and weighed. Results are 
given in figure i. It is apparent that the 
high nitrogen treatments allowed greater 
growth of plants than treatments which 
supplied less nitrogen. However, the ad- 
dition of manure allowed more vigorous 
growth than any other treatment in both 
total dry weight and yield of grain. This 
effect of added manure was manifest 
within I week of the inception of the ex- 
periment. 

The experiments of table 3 and figure 
I, confirmed in detail in four further ex- 


Salt 

Stock solu- 
tion A=*' 
(ammonium 
stock milli- 
mols/Uter) 

Stock solu- 
tion B* 
(potassium 
stock milli- 
mols/liter) 

Stock solu- 
tion C* 
(calcium 
stock milli- 
mols/liter) 

(NH4)2S04 

3 



NH 4 H 2 PO 4 . . . . 

2 



]NH4Ci. 

6 



MgS04. . . . ... 

I 



£2804 


2 


KH 2 PO 4 


0 

2 


KCl 


6 


MgS04 


I 


CaS04 



3-0 

T 

Ca(H.2P04) >. . . . 



CaClo 



X . u 

MgS04 







I • 0 


• .1. “o'-u aiucs solution aamtional y received minor elements 
m the concentrations given in table i. elements 

plots. Each of the nineteen nutrient solu- 
tions was tested on eight crocks (sixteen 
plants) . Growth took place in the green- 
house, and the nutrient was renewed 
every 1-2 weeks. In addition to the sev- 
eral nutrient solutions, a twentieth treat- 
ment was included in which manure was 
incorporated in the sand (10% by vol- 
ume) and to which solution no. 9 (equal 
volumes of the three stock solutions) was 
added. Growth was allowed to continue 
until the grains were filled and mature. 
Because the experiment was started in 
late summer, flowering and seed setting 


trciuiiciiLs wiui rice in Sana culture, es- 
tablish an influence of manure on the 
growth of rice. The nature of this influ- 
ence is the subject of the following sec- 
tions. 

Growth of rice seedlings. — In or- 
der to study the nature of the factors in 
manure which promote the growth of 
rice, use was made of rice seedlings 
grown in 20-cc. shell vials as described 
above. The influence of pH of nutrient 
was investigated in an experiment in 
which ammonium nutrient was buffered 
at various pH levels with phosphate 
buffer. Acidity of the nutrient appeared 
to be without great effect over the range 
of pH 4. 5-7.0 (table 5). Similarly, growth 
of rice under these conditions did not 
appear to be limited by the concentra- 
tion of available iron, since increasing 
the iron concentration by four times in- 
creased growth by less than 10%. Similar 
investigation of each of the micronu- 
trients showed that no increase in con- 
centration of any of them significantly 
affected growth under the conditions of 
the experiments. 

Table 6 gives the results of an experi- 
ment in which additional ammonium 
was added (as ammonium sulfate) to the 
nutrient solution. Only small increases 
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Fig. I.— Triangular experiment on effect of nutrition on growth and seed production of rice plants in 
sand culture: A, dry weight in gm./2 pi. B, seeds in gm./a pi. Solution no. 9 plus manure: dry wt., 
16.86 gm./2 pi.; seed wt., 8.98 gm./2 pi. 


in growth resulted from increasing the 
concentration of ammonium in the me- 
dium. An increase of ammonium by 
more than about 25% above the concen- 
tration in the basal medium resulted in 
the appearance of toxicity symptoms. 
Nitrate-nitrogen appeared to be inca- 
pable of supporting the growth of rice 
seedlings under the present conditions 
(table ii). 

Activity and fractionation of ma- 
nure. — Addition of manure to rice 
grown in vials with ammonium nu- 
trient resulted in increased growth (ta- 
ble 7). Addition of 200 mg. dry weight 
of screened manure per rice plant in- 
creased growth, as measured by fresh 
weight, by 38% over the control plants 
after a period of 2 weeks. The manure 
was therefore subjected to fractionation 
by various procedures, one of which was 
exhaustive extraction with acetone in a 
Soxhlet extractor. Table 7 shows that the 
solid manure residue left after extraction 


TABLE 5 

Effect of varying pH on growth of rice 
SEEDLINGS IN VIALS. 0.025 M PHOSPHATE BUF- 
FER IN AMMONIUM NUTRIENT. EXPERIMENT 
M-r6 


. 1 

pH of I 

No. OF 

Fresh wtsight in gm./io pl, 

1 . 

NUTRIENT 

PLANTS 

Stems 

Roots 

Total 

4-5 

20 

1. 14 

1-45 

2-59 

5 . 0 ........ 

! 20 

1.29 

! 1-51 

2.80 

s-s 

20 

1.08 

1 I-I 5 

2.23 

6.0 

20 

1.09 

1 1.22 

2.31 

6.5..- 

20 

1.25 

I- 5 S 

2.80 

7-0 

20 

1 . 10 

1.07 

2. 17 

7-5 

20 

0.99 

0-95 

1.94 

8.0 

20 

0.94 

0 . 80 

1.74 


is even more effective than the original 
manure, since an aliquot of the residue 
which represented 200 mg. of initial 
manure caused an increase in fresh 
weight above the controls of 106%. The 
material extracted by acetone, on the 
other hand, was found to be toxic. It 
would appear, therefore, that acetone 





272 


BOTANICAL GAZETTE 


[DECEMBER 


removes some toxic material from the 
manure, resulting in an enhancement of 
the growth-promoting activity of the 
residual acetone-insoluble material. 

Only a small portion of the growth- 
promoting activity of manure is soluble 


mainly associated with the solid portion 
of the manure. 

Influence of known substances on 
RICE.— The fact that water extracts of 
manure are ineffective in promoting 
growth of rice indicates that the active 




TABLE 6 

Effect of various concentrations of ammonium sulfate on growth of 

RICE SEEDLINGS IN VIALS IN AMMONIUM NUTRIENT. EXPERIMENT M-37 



Addendum 


Amount of N as NH4 
(mg ./pL.) 


In basal 
nutrient 


Added 


Total 


Fresh weight in 

GM./lO PLANTS 


Total 


Growth 


Initial (approx.) 

Final controls. 

■f 0.2 mg. (NH4)2 SO4 

4 - 0.6 mg. (NH4)2 SO4 

-j- 2.0 mg. (NH4)2 SO4 

4-6.0 mg, (NH4)2 SO4 (M-4s) . 
+ 20.0 mg. (NH4)2 SO4 


1.80 
1.80 
1.80 
1. 8c 
1.80 
1.80 


0.00 

0.046 

o. 14 

0.46 

1.40 

4.60 


1.80 

1.85 

1.94 

2.26 

3.20 

6.40 


1.86 

3.72 

3-65 

4.16 

3.60 

Toxic 

Toxic 


1.86 

1.79 

2.30 

1.74 


TABLE 7 

Effect of various fractions of manure on growth of rice seedlings 
IN vials. Experiment M-ii. Ammonium nutrient 


Treatment 

Amount 

OF M.WURE 

REPRE- 

No. OF 

Fresh weight in gm./io plants 


SENTED 

(mg.) 

PLANTS 

Tops 

Roots 

Total 

Growth 

Initial plants (approx.) 





2.23 

4.57 

5-45 

5-43 

7.04 

2.78 

S-I 3 


Control. 


70 

10 

2.67 

2 . 60 

1.90 

2.85 

2-73 

3.58 

I . 12 

2.34 

3,22 
3.20 
/j . 81 

Initial manure 

200 

Water -extracted manure 

200 

10 

2.70 

3.46 

1.66 

2.74 

Acetone-extracted manure 

200 

10 

Acetone extract. 

200 

10 

Toxic 

2.90 

Water extract of acetone-extract- 
ed manure 

200 

10 

2.39 



in water, and, on the contrary, manure 
retained its growth-promoting activity 
after exhaustive water extraction. Ex- 
periments with rice in sand culture 
rather than in vials confirmed this water 
insolubility of the principle which pro- 
motes the growth of rice. The growth- 
promoting factor would appear to be 


principle of manure cannot be a vitamin 
of the B group such as has been found to 
influence the growth of certain plants 
in some cases (3, 4, 5). Table 8 shows 
that thiamin, pyridoxin, nicotinic acid, 
pantothenic acid, and biotin were all 
without influence on the growth of rice. 
Yeast extract, on the contrary, was ex- 
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ceedingly effective in increasing growth. 
Various other known chemical com- 
pounds were tried in numerous experi- 
ments. All nonnitrogenous substances 
tested were found to be ineffective (table 
9): Nitrogen-containing compounds, on 
the contrary, were effective in increasing 
growth of seedling rice plants, as shown 
in the summarized data of table 10. 
Three amino acids and asparagin were 
effective, while peptone and egg albumin 
were particularly active. That it is ac- 

TABLE 8 

Lack of effect of various growth sub- 
stances ON GROWTH OF RICE SEEDLINGS IN 
VIALS. Ammonium nutrient. Experiment 
M>22 


Addendum 

No. 

OF 

Fresh weight in 

GM./lO PLANTS 


PLANTS 

Tops 

Roots 

Total 

None (control) 

40 

2.38 

2 • S 3 

■ 4*91 

Bi, 107/viai 

20 

2.36 

2.76 

5 -12 

Be, 1 07/ vial 

Nicotinic acid, 

20 

2.42 

2-45 

4.87 

1 07/ vial 

Pantothenic acid, 

20 

2.40 

2.52 

4.92 

1 07/ vial 

20 

2.20 

2.74 

4.94 

Biotin, 0.017/viai 

Yeast extract, 40 

20 

2.41 

2.37 

4-78 

mg./vial 

20 

4.48 

4.99 

9 .47 


tually the nitrogen of nitrogenous or- 
ganic compounds which is of importance 
in the response of rice plants is indicated 
by the experiment of table ii. In this ex- 
periment rice plants were grown in nu- 
trient solution containing nitrate as the 
source of nitrogen. In the basal nutrient 
essentially no growth took place during 
the 2-week experimental period. Addi- 
tion of further nitrate to the medium was 
without effect. Addition of ammonium 
sulfate, of yeast extract, or of egg al- 
bumin resulted in substantial growth. 
Thus, the nitrogen of organic compounds, 
even of egg albumin, is apparently avail- 


able to rice plants under the present ex- 
perimental conditions. Similar results 
were obtained with seedlings grown in a 
nitrogen-free medium.^ Under these con- 
ditions, manure or egg albumin was able 

TABLE 9 

Influence of various nitrogen-free com- 
pounds ON GROWTH OF SEEDLING RICE 
PLANTS IN VIALS. AMMONIUM NUTRIENT. 

Summary of various experiments 


Substance 

No, OF 
expts. 

IN WHICH 

TESTED 

CONCENI 

Range 

tested 

(mg./vial) 

-RATIONS 

Highest 
n on- 

lethal 

cone. 

(mg./vial) 

Final 

FRESH 

WEIGHT AT 

HIGHEST 

NONLETHAL 

CONC. 

(% OF 

control) 

Glucose 

I 

10 

10 

1 92 

Sucrose 

2 

10-40 

10 

50 

Starch 

I 

10 

10 

92 

Malic acid. . . 

3 

I-IO 

10 

91 

Pyruvic acid. 

I 

10 

10 

102 

Malonic acid. 

2 

3-10 

3 

74 

Fumaric acid. 

3 

3-10 

10 

102 

Citric acid. . . 

5 

I-IO 

S 

102 

Succinic acid. 

5 

I-IO 

5 

99 


TABLE 10 

Influence of various nitrogen-containing 
compounds ON growth of rice seed- 
lings in ammonium nutrient. Summary of 
VARIOUS experiments 


Substance 

Expt. no. 

Concen- 

tration 

used 

(mg./vial) 

Growth in 
fresh 
weight 
(% of 
control) 

Asparagin 

M-22 

10 

19s 

Aspartic acid ; 

M-32 

3 

131 

Glycine 

M-29 

10 

152 

Glutamic acid. . . . 

M-31 

10 

200 

Peptone 

M -39 

20 

232 

Egg albumin. .... 

M -39 

20 

271 


to serve as the sole source of nitrogen for 
the growth of rice plants (table 1 2) . 

* The nitrogen-free nutrient used in this and sub- 
sequent experiments contained MgS04, .001 M; 
KH2PO4, .003M; CaCL, .002 M; minor elements 
and iron as shown in table 2. 
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Table 13 gives a quantitative compar- 
ison of the effectiveness of various sources 
of nitrogen in supporting the growth of 
rice in ammonium-containing nutrient. 

In the experiment of table 13, good 
growth was made by plants growing in 
the basal nutrient medium which sup- 
plied 1.8 mg. nitrogen per plant as am- 

T ABLE 11 

Effect of various forms of nitrogen on growth of rice seedlings in vials. 

BAS. 4 L nutrient HOAGLAND’S DILUTED 2X, NITRATE AS NITROGEN 

source. Experiment M-38 


Addendum 

No. OF 

PLfVNTS 

Fresh weight in gm./io plants 

Tops 

Roots 

Total 

Growth 

Initial plants. . 

70 



1.65 


Final control 

40 

0-95 

0.77 

1 . 72 

0.07 

-f-KNO.^, 10 mg./pi 

10 

1.03 

0.79 

1.82 

0.17 

+(NH4)2 SO4, 2 mg./pl 

10 

2.78 

1.98 

4.76 

3. II 

-j- yeast extract, 40 mg./pl 

10 

3.01 

2.06 

5.07 

3.42 

-fegg albumin, 20 mg./pl 

10 

2.66 

1.73 

4.39 

2.74 


growth added significantly more nitro- 
gen. Thus, addition of 20 mg. of egg 
albumin per plant added 3.3 mg. of 
nitrogen or approximately 1.5 times as 
much nitrogen as could be added as am- 
monium sulfate without toxicity. 

The data obtained thus far can then 
be interpreted as follows. Rice plants 





TABLE 12 

MANURE AND EGG ALBUMIN AS SOLE SOURCES OF 
NITROGEN FOR GROWTH OF SEEDLING RICE 
PLANTS IN VIALS. NiTROGEN-FREE NUTRIENT. 

Experiment M-s6 


, 

Addendum 

No. OF 

PLANTS 

Fresh weight in gm./io pl. 

Tops 

Roots 

Total 

Growth 

Initial plants . 
Final control . 
-{- 100 mg. ma- 
nure. .... . . 

30 

50 

■ ■ 

10 



1.78 

1.52 

3-07 

3.24 


0. 78 

1-44 

1. 81 

0.74 

1.63 

1.43 


1.29 

1.46 

-f 20 mg. egg 
albumin... 


moniiim sulfate. The addition of more 
nitrogen as ammonium sulfate exerted 
but little effect on growth, particularly 
since the amount of nitrogen which could 
be added was small owing to the toxicity 
of ammonium sulfate (table 6). Addition 
of nitrogenous organic matter in the 
quantities found to be beneficial to 


grown in solution or sand culture require 
ammonium nitrogen. The amount which 
they are able to utilize over an experi- 
mental period of 1-2 weeks is greater 
than the amount which can be supplied 
without toxicity under the present con- 
ditions, owing to the high concentrations 
of ammonium sulfate. The nitrogen de- 
ficiency thus induced can apparently be 
met with other forms of reduced nitrogen 
which may be introduced into the me- 
dium. The nitrogen deficiency can also 
be overcome simply by frequent periodic 
renewal of the nutrient solution. Table 
14 shows that if the solution was re- 
newed daily or on alternate days, sub- 
stantially more growth of rice seedlings 
took place than when the nutrient was 
renewed at less frequent intervals. 

It is well known that pH of the me- 
dium is influenced by the form in which 
nitrogen is supplied, ammonium-con- 
taining media tending to become more 


1946 ] 


BONNER— NUTRITION OF RICE 


27s 


acid as nitrogen is utilized and nitrate 
media tending to become more alkaline 
under the same circumstances. The influ- 
ence of organic nitrogen on the growth of 
rice is not, however, exerted through 
effects on pH of the medium, as was 


egg albumin. These quantitative aspects 
were verified in an experiment, sum- 
marized in figure 2, in which the effects 
of varied concentrations of manure and 
egg albumin were compared. In both 
cases addition of i mg. of nitrogen per 


TABLE 13 

Comparison of effectiveness of various sources of nitrogen in promoting 

GROWTH OF RICE SEEDLINGS IN VIALS. AMMONIUM NUTRIENT. BASAL MEDIUM 
CONTAINS APPROXIMATELY i.S MG. AMMONIUM NITROGEN PER PLANT. EXPERI- 
MENT M-39 


Addendum 

Amount of 

ADDENDUM 

Amount of N 

IN ADDENDUM 

Fresh weight in 
GM./ io plants 

Total 

Growth 

Initial plants 



2.14 

3-67 

4.03 

6.29 

5*69 

6.28 


Final control plants 

None 

2 mg. 

20 mg. 

20 mg. 
300 mg. 


1.53 

1.89 

4. IS 

3-S5 

4.14 

Ammonium sulfate 

0.46 mg. 
3.30 mg. 
3.30 mg. 
3-42 mg. 

Egg albumin 

Peptone 

Acetone -extracted manure (from M-32) . 


shown by experiments in which the me- 
dium was buffered at pH 5.5 with phos- 
phate buffer. Under these conditions the 
pH of the nutrient medium changed at 
most by 0.5 pH unit during the growth 
period of 2 weeks. Egg albumin and ma- 
nure exerted their characteristic effects 
in increasing growth in the buffered 
medium. 

The active principle of manure.— 
Nitrogen analyses were carried out for 
the various nitrogenous compounds con- 
tained in the well-rotted manure. Ace- 
tone-extracted manure contained over 
1% nitrogen. Of this nitrogen, 93% was 
in the form of hot- water-insoluble com- 
pounds, proteins, etc., and only 7% in 
water-soluble form. In table 13 it was 
shown that addition of nitrogen to rice 
seedlings in the form of acetone- 
extracted manure exerted an effect quan- 
titatively similar to that exerted by 
adding the same amount of nitrogen as 


table 14 

Effect of varying frequencies of nutrient 

RENEWAL ON RATE OF GROWTH OF RICE 
seedlings in VIALS. AMMONIUM NUTRIENT. 

Experiment M-58, Each figure based on 
TWENTY plants 


Treatment 

Frequency of 

NUTRIENT 

RENEWAL 

Fresh weight 

IN GM./lO PL. 

Total 

Growth 

Initial plants 


2.00 

4-34 
4. 2k 

4 - 45 

5- 97 
7.66 

I ' 


Grown 2 weeks. . . 
Grown 2 weeks. . . 
Grown 2 weeks. . . 
Grown 2 weeks . . . 
Grown 2 weeks. . , 

Once/14 days 
Once/7 da-ys 
Once/4 days 
Once/2 days 
Once/day 

2.34 

2.28 

2-45 

3*97 

5-66 


plant resulted in a substantial growth 
increase; addition of 3 mg. gave a larger 
increase, while addition of lO'-ii mg. 
was toxic. Thus, the effects of manure 
and of egg albumin on growth of rice are 
quantitatively similar, on a nitrogen 
basis, even though fifteen times as much 
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weight of manure is required to supply a 
given amount of nitrogen as is required 
in the form of egg albumin. 

It has been shown that the water ex- 
tract of acetone-extracted manure is 
scarcely effective in promoting the 



Fig. 2. — Eifects of supplementary nitrogen, 
supplied as manure or as egg albumin, on growth of 
rice seedlings in vials in ammonium nutrient. Solid 
circles represent manure; open circles represent egg 
albumin. 

TABLE 15 

Nonavailability of nitrogen of egg al- 
bumin FOR SEEDLING RICE PLANTS GROWN 
IN aseptic culture. Experiment M-53, 
Plants grown in nitrogen-free basal nu- 
trient 


Addendum 

1 

1 

Mg./Cc. 

Mgs. N 

plant 

No. of 
plants 

Fresh 

weight 

after 

30 days 
(gm./iopl.) 

None. ........ 



40 

1.23 

Ammonium sul- 



fate 

0.5 

I.O 

40 

1.68 

Egg albumin . . . 

o.s 

0.8 

i 

40 

1. 31 


growth of rice and that the activity^ 
resides in the water-insoluble residue 
(table 7). As shown above, also, very 
little of the nitrogen of manure is water 
soluble. This fact is then in accordance 
with the view that the growth-promoting 
activity of manure for rice resides in the 
nitrogenous compounds of the manure. 


It would appear highly unlikely that 
rice plants should be able to utilize the 
nitrogen of protein directly. That bac- 
teria may intervene in making protein 
nitrogen available for rice plants is indi- 
cated by the experiment of table 15, in 
which rice plants were grown under 
aseptic conditions in test tubes. The test 
tubes were approximately i inch in diam- 
eter by 14 inches long, and in the bottom 
of each 2 inches of river sand was placed. 
To this was added a nitrogen-free basal 
nutrient with or without various ad- 
denda. The whole was stoppered with 
cotton, autoclaved, and inoculated with 
aseptic rice seeds. Growth was measured 
as fresh weight of plants produced after 
i month. Growth in the nitrogen-free 
basal nutrient resulted in production of 
seedlings having symptoms of nitrogen 
deficiency. Addition of nitrogen as am- 
monium sulfate increased growth very 
considerably and relieved the symptoms 
of nitrogen deficiency. Egg albumin did 
not increase growth significantly and did 
not relieve the symptoms of nitrogen 
deficiency. Quantitatively similar results 
were obtained in a second experiment. It 
may be concluded that protein nitrogen 
is much less available under aseptic than 
under nonaseptic conditions. 

Discussion 

It is generally agreed that the addition 
of organic matter to the soil is essential 
to the maintenance of fertility over the 
years. The organic matter may be in the 
form of crop residues, cover crops, or 
farm manure; and the beneficial effects 
on crop yields may be determined not 
only in the field but in pot cultures, un- 
der experimental conditions. The nature 
of the effect of organic matter on soil fer- 
tility has, therefore, been the subject of 
intensive investigation. 

Work on soils in recent years has em- 
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phasized the dominant role of soil struc- 
ture in soil fertility. That organic matter 
is essential to the formation and main- 
tenance of soil aggregates and structure 
has been shown by many workers and 
has been discussed in detail by Baver 
( i), Russel (15), Williams (19), Mar- 
tin (12), and others. Whether organic 
matter further influences plant growth 
by supplying specific organic compounds 
which are directly utilized by the higher 
plant and which benefit or influence its 
growth in any way is debatable. It has 
been demonstrated beyond any doubt 
that many plants can grow normally in a 
strictly inorganic medium. It has been 
claimed on various occasions that addi- 
tion of organic matter to inorganic nu- 
trient media has increased the growth of 
one or another species of plant. In each 
instance that has been carefully and fully 
investigated, however, this claim has 
turned out to be only partially true, in 
the sense that, by alteration of the in- 
organic nutrient or of the environment, 
conditions could be found under which 
response of the plant to organic matter 
disappeared. Thus Bottomley (5) failed 
to provide an optimum medium for the 
Lemna with which he worked. Addition 
of organic matter caused increases in 
growth of Lemna under his conditions, 
but later workers (Clark and Roller, 6) 
showed that even better growth could be 
obtained by decreasing the salt content 
of the medium and making provision for 
increased available iron. Bottomley 
undoubtedly supplied iron in the organic 
matter which he added. Recent work 
with Spirodelahy (8) has again 

suggested a beneficial influence of or- 
ganic matter (manure), but no detailed 
analysis of the nature of the effect has 
been made. In a series of papers Bonner 
et al. (3, 4) described work which indi- 
cated that addition of certain pure or- 


ganic substances increased the growth of 
various species of plants grown in sand 
culture with inorganic nutrient. These 
results have been confirmed only partial- 
ly by the work of others. It is clear that 
in the original experiments special condi- 
tions of environment and nutrition pre- 
vailed, conditions under which unusually 
large responses to the added organic sub- 
stances were obtained. In the case of 
Cosmos^ which was investigated more 
intensively, alterations of the environ- 
mental conditions were at least as effec- 
tive as the addition of organic com- 
pounds in increasing growth (Bonner, 
2). Under conditions which allowed op- 
timal growth, no effects could be obtained 
from added organic substances. 

In the present work a systematic 
search was made for evidence as to 
whether organic matter, specifically ma- 
nure, might contain special organic sub- 
stances capable of causing increased 
growth of plants grown under the best 
possible environmental and nutritional 
conditions. Precautions were taken to 
rule out all effects of added manure on 
the physical properties of the medium. 
In all, sixteen species have been tested 
for response to manure. The tests have 
been carried out under a wide variety of 
conditions and have entailed over 120 
individual experiments, each experiment 
in turn involving from a few to over 600 
plants. Four cases wei*e found in which 
the first experiment showed an apparent 
growth response to added manure, name- 
ly, Poa, Impatiens^^ beet, and rice. Repe- 
tition of the experiment failed to yield a 
duplicate result in the case of beet, while 
the effect with Impatiens was too small 
for further quantitative investigation. 
The effect of manure on Poa was, how- 
ever, analyzed in detail, and it was 

3 The experiments with Poa and Impatiens were 
carried out in co-operation with Robert Dorlakd. 
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shown that Poa^ owing to a particularly 
high iron requirement, suffered from iron 
deficiency in the conventional nutrient 
medium. Addition of manure merely sup- 
plied available iron, and the added 
growth effect of manure could be dupli- 
cated by ferric sulfate or ferric tartrate. 
Similarly, the effect of manure on the 
growth of rice has been analyzed in de- 
tail Rice is particularly adapted to uti- 
lize ammonium rather than nitrate nitro- 
gen, but even relatively low concentra- 
tions of ammonium are toxic to it. Sev- 
eral forms of organic nitrogen are avail- 
able to the rice plant, including protein. 
Manure is shown to function in rice nu- 
trition as a source of organic nitrogen 
and may serve as the sole source of nitro- 
gen or may supplement ammonium ni- 
trogen in the medium. Since the inter- 
vention of bacteria has been indicated to 
be probable in the utilization of organic 
nitrogen by rice, it is possible that or- 
ganic forms such as protein act as reser- 
voirs from which ammonia is slowly lib- 
erated by microbial activity. 

Even in the two cases of response to 
manure which were found, then, the 
growth response on analysis has turned 
out to be related to the nutrition of the 
plant, iron nutrition in one case, nitrogen 
nutrition in the other. No evidence was 
found in the present investigation for 
any important role of specific organic 
substances contained in manure in regu- 
lating plant growth. 

Summary 

I. Rice plants grown in sand or solu- 
tion culture were found to respond to the 
addition of manure with marked in- 


creases in growth. This effect of manure 
could not be duplicated by variations of 
the composition of the major or minor 
elements of the nutrient solution within 
wide limits. A systematic investigation 
of the nature of the effect of manure and 
other kinds of organic matter on the 
growth of rice was therefore undertaken. 

2. The findings of earlier investigators 
that rice seedlings utilize ammonium 
rather than nitrate as a source of nitro- 
gen were confirmed. In addition, it was 
found that ammonium nitrogen is toxic 
to the rice seedling at relatively low con- 
centrations. 

3. Manure and other kinds of nitrog- 
enous organic matter are able to serve 
as sources of nitrogen for cultures of rice 
seedlings. The nitrogen of protein, pep- 
tone, and various amino acids is shown 
to be available to rice seedlings. These 
compounds are probably decomposed by 
micro-organisms before their nitrogen is 
utilized by the plant, since under aseptic 
conditions the nitrogen of protein does 
not appear to be utilized by rice. 

4. The influence of manure on the 
growth of rice under the present experi- 
mental conditions is shown to be quanti- 
tatively attributable to the organic nitro- 
gen content of the manure. The nitrogen 
of organic matter appears to serve as a 
supplement to the relatively low concen- 
trations of free ammonium salts which 
are tolerated by the plant. 

5. No evidence was found to suggest 
the presence in manure of a specific or- 
ganic substance important in plant 
growth. 

California Institute of Technology 
Pasadena, California 
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CHANGES WHICH OCCUR IN APPLE TISSUE UPON TREATMENT WITH 
VARIOUS AGENTS AND THEIR RELATION TO THE NATURAL 
MECHANISM OF SOFTENING DURING MATURATION^ 

JEANH. GRIFFIN AND Z. I. KERTESZ 


Introduction 

Changes which occur in the texture 
and firmness of apples on the tree and in 
storage are of great economic impor- 
tance. In order to make apples available 
to the consumer during extended periods, 
a great proportion of the crop is placed in 
storage in a “tree-ripe^’ or relatively 
firm condition. The rate of softening may 
then be controlled, or at least retarded, 
by refrigeration or by modifying the at- 
mosphere within the storage (13) or 
both. 

^Approved by the Director of the New York 
State Agricultural Experiment Station for publica- 
tion as Journal Paper no. 679. 


The firmness of an apple is one of the 
major factors which determines its com- 
mercial value. Changes in firmness dur- 
ing growth and maturation (5) may be 
followed by measuring the pressure nec- 
essary to force a plunger (10) into the 
apple (after careful removal of the skin), 
or by determining the tensile strength, 
i.e., the force required to pull to pieces a 
sample of tissue which has been cut ac- 
cording to standardized procedure (ii). 
There are several reports in the litera- 
ture of such measurements used as an 
index of maturation of apples; these 
methods are very useful where numerical 
recordings are desirable. 
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Over one hundred years ago it was ob- 
served that unripe apples contain pectic 
substances which are insoluble in water 
and that, as ripening progresses, an in- 
creasing proportion of water-soluble pec- 
tic substances (9) appears in the tissue 
(i, 2). The latter are apparently formed 
from originally insoluble pectic con- 
stituents which are usually designated as 
^^protopectin’’ and “cell-wall pectic con- 
stituents.” It has been the general expe- 
rience among investigators that the 
softening of apple tissues, whenever it 
occurs or however it is induced, is ac- 
companied by pectic transformations of 
such a nature. 

It would be wrong to assume that 
changes in the pectic substances are en- 
tirely responsible for the changes in tex- 
ture. The size and shape of cells and 
undoubtedly many other factors have an 
influence on the firmness of the tissue. 
In apples the formation of new cells 
stops comparatively early in develop- 
ment and at that time the individual 
cells are strongly cemented together by 
the middle lamella which is composed of 
insoluble pectic materials. During ma- 
turation the middle lamella is reduced in 
quantity; as a result, the adhesion of the 
cells to each other diminishes, and thus 
the tissue softens. It should be also borne 
in mind that chewing of a tissue consists 
mainly of pushing the cells (or clusters of 
cells) apart rather than of cutting the 
individual cells. 

Ever since the chemical changes oc- 
curring during softening of apples were 
first observed, it has been assumed that 
transformations in the pectic substances 
were caused by the action of enzymes. 
In spite of the efforts of many workers, 
there is no conclusive evidence that pro- 
topectinase and pectin-polygalacturo- 
nase (pectinase) (6) actually occur in 
apples. During the last five years many 


tests have been made in this laboratory 
by various methods to show the presence 
of protopectinase and pectin-polygalac- 
turonase (pectinase) in apples, but no 
results proving the presence of these 
enzymes could be obtained. 

These negative results lead to the as- 
sumption that pectic transformations in 
apples may occur through the action of 
nonenzymatic agents or chains of re- 
actions (8). It is known that poly- 
saccharides, including pectinic acid (pec- 
tin), may be degraded by ascorbic acid 
(vitamin C) or peroxides, with an espe- 
cially rapid reaction taking place when 
both agents are permitted to act simul- 
taneously (4) . Ascorbic acid is naturally 
present in apple tissue (though at times 
in small quantities), and peroxides have 
also been assumed to occur in plant tis- 
sues, although likely only in a transient 
state. ■' Furthermore, peroxides were 
shown to form during the nonenzymatic 
oxidation of ascorbic acid (14) ; thus the 
presence of ascorbic acid may give rise 
to peroxides and produce the system for 
degrading pectinic acids. 

Knowing that ascorbic acid and perox- 
ides, alone or in combination, are capable 
of degrading pectinic acids (pectin) into 
products which no longer come within 
the definition of pectic substances, it ap- 
peared that possibly the pectic changes 
in apples during maturation might pro- 
ceed, partly at least, through this mech- 
anism. Of even more fundamental inter- 
est is the question whether or not these 
chemical agents are capable of trans- 
forming insoluble pectic constituents 
(protopectin) into soluble ones (pectinic 
acids and pectins). Since no method is 
available for the preparation of pure 
protopectin, experiments were per- , 
formed with the apple tissue itself. 
Measurements of tensile strength, fol- 
lowed by analyses for soluble and in- 
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soluble pectic constituents, were made 
after treatments of the tissue with 
ascorbic acid, hydrogen peroxide, or 
both. In addition, some tests were made 
to determine the changes in firmness and 
chemical composition which were caused 
by treatment of apple tissue with dilute 
HCl^ solutions and with a commercial 
pectinase“ known to contain high poly- 
galacturonase (pectinase) activity. 

Methods 

Webster apples grown on one tree in 
Geneva, New York, during the 1944 sea- 
son were used. Apples were picked fresh 
for each experiment until September 20, 
when all fruit was picked and put into 
storage at 1° C. After this date they were 
removed, as required, from cold storage 
.and held at room temperature overnight 
before using. For measurement of tensile 
strength a cross-section, about 10 mm. 
thick, first was cut from the apple. From 
this disk dumbbell-shaped figures were 
cut out by a sharp form. These dumb- 
bells were made to exact thickness (7.8 
mm.) by placing them in a Petri dish and 
cutting with a sharp knife sliding along 
the edge of the dish. The dumbbells 
weighed 1.9 gm. and had a cross-section 
at the narrowest point, where breaking 
occurred, of 43.7 sq. mm. For the various 
treatments the dumbbells were sub- 
merged, usually in pairs,, in 50 cc. of 
solution contained in a loo-cc. beaker. 
Every set of samples used for tensile- 
strength measurements or analyses con- 
sisted of twelve dumbbells, obtained 
from at least three apples. The tensile- 
strength measurements were performed 
with the aid of the apparatus described by 
Personius and Sharp (ii). Water was 
siphoned into the bucket weighing 146 
gm. at the rate of 3.2 gm. per second 

^ Pectinol, manufactured by the Rohm and Haas 
Company of Philadelphia, Pa. 


until the combined weight of the bucket 
and water tore the center of the dumb- 
bell apart. At this time the water was 
shut off and the weight of the water plus 
bucket measured. The twenty-four halves 
of dumbbells were placed in ethanol, 
which was boiled up and then set aside 
for chemical analysis. 

For analysis the sample (consisting of 
twelve dumbbells) was ground finely 
with approximately 12 gm. of sand and 
extracted with 200 cc. of water for 3 
hours at about 20° C. The sample was 
then centrifuged at 2500 r.p.m. for 20 
minutes in a no. 2 International Cen- 
trifuge, the extract poured off, and a sec- 
ond similar 30-minute extraction made. 
These two extracts were combined, made 
up to 500 cc. with water, and 200 cc. of 
this extract was then used for the precipi- 
tation of acid-ethanol-insoluble materi- 
als by a double volume of 95% ethanol 
acidified to give 0.05 JV HCl in the final 
mixture. After standing overnight the 
precipitate was filtered off, washed with 
ethanol, dissolved in hot water, and the 
pectic substances determined as calcium 
pectate by the Poore modification (12) 
of the Carr£-Haynes method (3). 

The residue left from the water ex- 
traction was treated with 0.05 iV HCl 
for 2 hours at 85° C. The liquid was fil- 
tered off and the process repeated four 
times. These five extracts were com- 
bined and made up to 1000 cc. with 
water. The pectic substances were then 
determined (as above) in 200 cc. of the 
extract after the removal, with ptyalin, 
of any starch which may have been pres- 
ent. 

Results 

The results of preliminary tests (table 
i) indicate that the tensile strength of 
apple tissue decreases throughout the 
season. The proportion of pectic sub- 
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stances (on the fresh-weight basis) de- 
creased continuously, although some- 
what irregularly. The percentage of wa- 
ter-soluble pectic substances showed an 
irregular tendency to increase. When the 
apples were held at room temperature 
for a week, there was a considerable drop 


setting of the osmotic equilibrium in the 
tissue, resulting in some plasmolysis. As 
shown in tables i and 2, the effect on 
tensile strength of soaking in water alone 
was great enough to interfere with the 
clarity of observations on the effects of 
chemicals. The probable error of tensile- 


TABLE 1 

Seasonal changes and effect of holding at room temperature or soaking 
IN water on tensile strength and pectic constituents 
of apples (Webster variety, 1944) 


Date 

Treatment 

Tensile 

STRENGTH 

(gm./mm.^) 

Change 

IN TEN- 
SILE 

STRENGTH 

(%) 

Probable 

ERROR 

(gm./mm.®) 

Water 

soluble 

(%) 

Pectic sui 

Water 
soluble 
(% of 
total) 

3 ST.WCESt 

Water 

insoluble 

(%) 

Total 

(%) 

8/is 


21.0 

(100) 






8/28 . 


20.0 





0 767 

9/20*, ...... 


17*5 

(100) 

+ 0.7 

0.066 

10 6 

0 . 5 SS 

.621 

9/27. . ...... 

/ In water for 60 min. 

II . 5 

' 66 




iHeld I week 

13.3 

76 

+ 0.6 





9/21 

19.5 

(100) 

±0.5 






|In water for 150 min. 

16.8 

86 




* / 

.716 


\In water for 300 min. 

10.4 

54 





9/27 • ■ 

15,6 

(100) 

±0.7 

.056 

9.1 

•539 

.614 


/In water for 165 min. 

10.4 

67 

±1.0 

.090 

13.9 

•557 

.647 

5 

/Held I week 

5.0 

32 

±0.3 

.089 

13.8 

•559 

.648 

10/16 


13.0 

(100) 

+ 0. ? 

.082 

11,8 

. 612 

6 qa 

10/23 

Held I w^eek 

3*3 

25 

+ 0.0 

.107 

20.0 

.448 

■S3S 

10/17 


5.8 



•053 

0 I 

.529 

00 







11/30 


4.6 



. 100 

17.6 

.472 

• 572 






12/15 ....... . 


3 • 7 



0 

b 

00 

15.6 

0.469 

0-556 







* Apples picked and put into storage. 

in tensile strength and an increase in the 
proportion of water-soluble pectic con- 
stituents. 

Treatments by various agents were 
performed by submerging the apple 
dumbbells in the solutions. It was noted 
that soaking in water alone decreased the 
tensile strength. The reason for this 
change must be, partly at least, the up- 


t As calcium pectate, fresh basis. 

strength measurements in samples soaked 
in water was higher than in any other lot 
of twelve dumbbells. When buffer solu- 
tions were used, tensile strengths of the 
dumbbells dropped much less than in 
water. The important point is, however, 
that the decrease of tensile strength in 
samples soaked in water was accom- 
panied only by a small increase in the 
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proportion of soluble pectic substances, 
while the percentage of total pectic sub- 
stances did not change materially. 

Table 2 also shows some typical re- 
sults obtained in tests made with as- 
corbic acid, hydrogen peroxide, pec- 
tinase, and HCl. In these experiments 


drop in tensile strength when both hydro- 
gen peroxide and ascorbic acid were pres- 
ent. Although the proportion of total 
pectic constituents is irregular in these 
samples, those which were treated with 
both ascorbic acid and peroxide show a 
decrease. 


T.-IBLE 2 


Effects of various treatments on tensile stre.ngth and pectic 

^ SUBSTANCES OF APPLES (WEBSTER VARIETY, 1944) 


Experi- 
ment NO. 


Date 


8/iS 


9/1 


9/27 


Treatment* 


1. water 

2, H, 0 . (i.s%) 

3- AA(o.s%) 

4- ( 2 + 3 ) 

5- water 
6. as 2 
7- as 3 

8 as 4 

Water 

0.001 N HCl 
o.oi iVHCl 

(Control) 

1 . water 

2 . Buffer pH 3 . 3 

3 . E(o. 2 S%) 

S- AA(o.i%) 

6. AA (0.05%) 

7. H.O. (3%) 

8. H= 0 .(i.s%) 

9 - (s+8) 

10 (6-4-7) 

I - (S+7) 

12. (6-f8) 


TlilE 

(min.) 


ISO 


300 




Tensile 

strength 

(GM./ilM.®) 


15-9 

I5-I 

9.0 

12.5 

9.3 

10. 2 

4.6 

16.8 

12.6 
8.9 

15.6 

10.4 

12.9 

6.4 

8.7 
9-7 
9-4 

10.6 


7.2 

6.8 

7-5 


Probable 

ERROR 

(gm./mm.^) 


±0.7 

± 1.0 

±0.8 

±0.6 

±0.6 
±0. 7 
±0.6 
±0.7 

±0.4 

±0.4 

±0.4 

±0.4 


Pectic substances f 


Water 

soluble 

(%) 


Water 
soluble 
{% of 
total) 


Water 

insoluble 

C%) 


124 

II7 


056 

090 

102 

097 

167 

IS 4 

259 

229 

228 

209 

170 

160 


17.8 

16.7 


AA ascorbic acid; E- commercial pectic enzyme (pectinase). 


13-9 

13*7 

16.7 

29-9 

24.9 

44.0 
37-7 

50.6 

38. 8 

32.6 

31. 1 


0.592 

•583 


Total 

i%) 


•539 

•557 

.645 

.483 

.492 

.465 

•330 

•379 

.223 

■330 

•351 

0.355 


0.784 
. 760 
•855 
•524 
•751 
.718 
.807 

.467 

. 716 
.700 


.614 

.647 

■747 

•580 

•559 

.619 

•589 

.608 

.451 

•539 

.521 

0.51S 


t As calcium pectate, fresh basis. 


the treated dumbbells were compared 
with those soaked in water or, in the last 
experiment (no. 3), in water and buffer 
solution (pH 3.3) for corresponding pe- 
riods. 

The first experiment showed a definite 


In order to ascertain just how much 
the acidity of the ascorbic acid may have 
affected the tensile strength and the to- 
tal proportion of pectic constituents, 
some dumbbells were soaked in solutions 
of hydrochloric acid. As shown in experi- 
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merit 2 (table 2), concentrations corre- 
sponding in pH (even if not in ionic 
strength) to the ascorbic acid solutions 
used caused some change in tensile 
strength but no change in distribution 
and total quantity of pectic constit- 
uents. 

The most important set of data is that 
obtained in experiment 3. A o.i If phos- 
phate buffer solution was used in all 
these mixtures to maintain the pH at 3.3. 
The use of this buffer resulted in 17% 
less drop in tensile strength than when 
water was used for the soaking (33% 
drop). All other solutions were made in 
such buffer, and all mixtures were ad- 
justed to pH 3.3. 

The enzyme treatment lowered the 
total pectic content, with an accompany- 
ing increase in soluble pectic constitu- 
ents. Every treatment with ascorbic 
acid, hydrogen peroxide, or both, in- 
creased the proportion of soluble pectic 
constituents and decreased the percent- 
age of total pectic constituents. These 
changes were in every instance accom- 
panied by a decrease in tensile strength 
of the apple tissue. The drop in tensile 
strength and the drop in total pectic 
constituents are greatest where both 
ascorbic acid and hydrogen peroxide 
were used simultaneously and approxi- 
mate the results obtained when the com- 
mercial pectic enzyme was used. 

Discussion 

The results of several investigators 
(4, 8) proved that ascorbic acid or per- 
oxides, and especially ascorbic acid and 
peroxides together, can rapidly degrade 
soluble pectic compounds like pectinic 
acids (pectins). The relationship between 
protopectin, the major insoluble pectic 
constituent of plants, and soluble pectic 
substances is still not clear, but there is a 
distinct possibility that protopectin is 


rendered soluble by the action of heat, 
acids, or enzymes through a partial hy- 
drolysis which would diminish its origi- 
nally large molecular weight (size) (7) . 
Treatment of insoluble pectic constitu- 
ents of apples with hydrogen peroxide 
and ascorbic acid results in an increase 
in soluble pectic substances in the apple 
tissue. The soluble pectic constituents 
are then further degraded into com- 
pounds which will no longer come 
under the definition of pectic substances. 
It seems that in our experiments the 
latter reaction was slower than the rate 
of solubilization of the insoluble pro- 
topectin, since both the absolute amount 
and the proportion of soluble pectic con- 
stituents increased. Unfortunately, the 
mechanism of oxidative degradation by 
ascorbic acid and peroxides is yet so 
unclear that further speculation on these 
reactions is hardly warranted. 

Obviously, the treatments used in 
these experiments resemble only to a 
limited degree those processes which 
may occur naturally in the plant. Con- 
centrations of ascorbic acid and peroxide 
used in the experiments could not be as- 
sumed to be present in the fruit tissue. 
However, the purpose of the experi- 
ments was not an imitation of the 
changes as they occur in nature but 
rather to determine whether the changes 
which take place in the pectic constitu- 
ents of apples during growth and matu- 
ration could artificially brought about 
by the nonenzymatic agents used. Ac- 
cording to the results obtained, this has 
been accomplished. As apples soften, the 
total pectic constituents decrease and the 
proportion of soluble pectic materials in- 
creases. Similar changes have been 
brought about in the tissue by the use of 
ascorbic acid, peroxide, or both. In na- 
ture these transformations occur during 
periods of weeks or months rather than 
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hours and thus might require much 
lower concentrations of the chemical 
agents than those used in the tests, 

Stimmary 

I. During the maturation and soften- 
ing of apples the tensile strength of the 
tissue and the proportion of the total 
pectic constituents decrease and the 
proportion of water-soluble pectic ma- 
terials increases. The same changes may 
be brought about by treatment of apple 
tissue with ascorbic acid or hydrogen 
peroxide and at a much faster rate by 
a combination of both agents. 


2. The results indicate that, in addi- 
tion to being able to decompose water- 
soluble pectinic acids (pectins), these 
agents are also able to solubilize the in- 
soluble pectic constituents (protopectin) 
of apples. 

3. While it appears that both pro- 
topectinase and polygalacturonase (pec- 
tinase) are absent from apples, the func- 
tions attributed to both enzymes may be 
performed by the noneiizymatic agents 
used in these experiments. 

New York State Agricultural 
Experiment Station 
Cornell University 
Geneva, New York 
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PRELIMINARY RESULTS WITH THE USE OF 2 , 4 -DICHLOROPHENOXY- 
ACETIC ACID AS A SPRAY-OIL AMENDMENT^ 

WILLIAM S. STEWART^ AND WALTER EBELING^ 


Introduction 


amendments to limit the undesirable ef- 



Spraying citrus trees with emulsions 
of oil in water is a standard practice in 
citrus-pest control. Such sprays are very 
effective and offer cost advantages over 
other methods of insect control. Oil 
sprays, however, may induce leaf and 
fruit drop (4). Die-back of small twigs, 
granulation, and water spot (i, 2, 5) are 
a few of the other indictments against the 
use of oil sprays. 

In general, there is an inverse correla- 
tion between the unsulfonated residue 
(U.R.) of the spray oil (4) and the 
amount of leaf drop, fruit drop, and die- 
back of small twigs. The higher the un- 
sulfonated residue, other factors being 
equal, the fewer these undesirable effects. 
For this reason the percentage of unsul- 
fonated residue in the oil has become an 
important specification of spray oils. Oils 
now used in California are 90-94 U.R., 
but even at these values leaf and fruit 
drop often occur to an undesirable extent 
after a single annual spraying. 

Plant growth-regulators are known to 
be very effective in preventing prehar- 
vest fruit drop of certain varieties of ap- 
ples (8). These substances have also been 
shown to prevent leaf drop from cut 
branches of several plant species (9, ii), 
and their use to decrease fruit drop in 
oranges has been indicated (6). These 
facts led to consideration of the use of 
plant growth-regulators as spray-oil 

^ Paper no. 547, University of California Citrus 
Experiment Station, Riverside, Calif. 

= Assistant Plant Physiologist and 3 Associate 
Entomologist, California Agricultural Experiment 
Station. 


fects of oil sprays. The present paper re- 
ports preliminary observations on reduc- 
tion in leaf and fruit drop as the result of 
adding plant growth-regulators to spray 
oil used on Washington Navel and Valen- 
cia orange trees. 

Experimentation 

Exploratory tests 

Mature leaves on a Washington Navel 
orange tree were painted with undiluted 
spray oil with or without 0.1% 2,4-di- 
chlorophenoxy acetic acid (2,4-D). In 
this as in all subsequent work, the oils 
used corresponded to the California 
grade “light-medium” (52-61% dis- 
tilled at 636° F.). Table i lists other 
properties of these oils. To accentuate 
leaf drop, 60 (instead of 92) U.R. oil was 
used. The leaves painted with oil con- 
taining 0.1% 2,4-1) were more securely 
attached to the stem after 10 days than 
were those painted with oil alone. Re- 
peated tests gave similar results. 

Next, two branches on the same tree 
were given a drenching spray with the 
undiluted oil, with and without 0.1% 
2,4-D. Application was made with a 
I -quart continuous-pressure garden 
sprayer. Two weeks after spraying there 
was a striking difference between the two 
branches, the one treated with 2,4-D re- 
taining most of its leaves and fruit, in 
contrast to the other, which was com- 
pletely defoliated and had lost most of its 
fruit (fig. i). This test was repeated twice 
with the same result. 
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Additional, comparable tests were of 2,4-D, in limiting leaf drop, in oils of 
made, using 2,4-D, as well as phenoxy- 60, 71, So, and 92 U.R. was also deter- 
acetic acid, naphthoxyacetic acid, naph- mined. Concentrations of 0.005, 0.025, 
thaleneacetic acid, and naphthalene 0,05, and o 1 % 2,4-D were prepared in 
acetamide, singly and in combination each oil by dissolving 2,4-D in ethyl al- 
with 2,4-D. In these tests, as in others in cohol and evaporating off the alcohol aft- 

TABLE 1 

Physical properties of the light-medium naphthenic oils used 
IN preparing oil-water spray emulsions 


Unsulpon- 

ATED 

EESIDtJE 

(%) 

Tempeil\ture (°F.) for 

DISTILLATION OF 

5% 90% 

Saybolt 

VISCOSITY 

AT 100 ° F. 
(secs.) 

Grawty 

(6oV6o°F.) 

i ' 

Refractive 

INDEX 

(«d) 

60 

570 

698 

75 

0.925 

1.516 

71 

443 

705 

4 S 

.887 

1.490 

80 

501 

703 

55 

.883 

1.485 

92 

S 7 I 

69s 

71 

0.886 

. 

1.482 







Fig. I. — Branches of Washington Navel orange tree, showing effect on leaf and fruit drop of applying 
60 U.R. oil spray (left) undiluted and {rigM) with 0.1% 2,4-dichlorophenoxyacetic acid added. 


which various growth-regulating sub- 
stances were used to limit preharvest 
drop in certain varieties of apples (3), 
2,4-D alone was found to be the most 
effective. 

The minimum effective concentration 


er addition to the oil. The undiluted oils 
were sprayed, as described, on single 
branches. A separate tree was used for 
each concentration of 2,4-D in each oil— 
a total of sixteen trees. For comparison, 
a second, similar branch on each tree 
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was sprayed with the same oil lacking 

2.4- D, 

Concentrations of 0.025% 2,4-D, or 
higher, in all the oils, were very effective 
in limiting leaf drop. The effects were 
similar to those shown in figure i . No dif- 
ferences in leaf drop were noted between 
control branches (sprayed with oil only) 
and those treated with 0,005% 2,4-D in 
oil. The 0.05% treatment was more ef- 
fective in limiting leaf drop than the 
0.025%; there were no apparent differ- 
ences between the 0.05% and 0.1% 

2.4- D treatments. In these trials all con- 
centrations of 2,4-D in oil were equally 
effective in decreasing fruit drop by 50%, 
compared with that on branches sprayed 
with oil alone. It is of interest that the 
most effective concentration for delaying 
petiole abscission in Coleus , in tests with 
a large number of growth-regulators, was 
found to be 0.05% (7). 

On the basis of these data, three field 
trials were made. 

Field TEST NO. i 

Procedure.— This test was with 
Washington Navel orange trees in an or- 
chard at Riverside, California, and con- 
sisted of a Latin-square arrangement of 
five treatments. Because of the size and 
shape of the orchard, a sixth treatment 
could not be included in the square but 
was made on adjacent trees. All trees had 
previously been sprayed with oil, in 
April, 1945, and the fruit had been 
picked in December of that year. 

Treatments in the square were : (i) no 
oil spray (control) ; (2) 92 U.R. oil spray, 
at 2% concentration in water; (3) same 
as 2, but with 0.005% 2,4-D in the oil; 
(4) same as 2, but with 0.025% 2,4-D 
added; (5) 80 U.R. oil spray, at 2%, con- 
taining 0.05% 2,4-D. Treatment 6, out- 
side the square, was the same as 5, ex- 
cept that 2,4-D was omitted. Since the 


relative solubility of 2,4-D in oil and wa- 
ter is not known, the concentration of 
2,4-D is expressed on the basis of its con- 
centration in the oil rather than in the 
final oil-water emulsion. If 2,4-D were 
as soluble in water as in oil, its concen- 
tration on the emulsion basis would be 
0.001% (10 p.p.m.) for the 0.05% 2,4-D 
in oil used in the 2% oil emulsion. 

All spray emulsions were tank-mixed, 
using 4 ounces of blood albumin per 100 
gallons of spray as spreader. The 2,4-D 
was first dissolved in ethyl alcohol and 
was then added to the oil as described. 
The spray was applied in the usual man- 
ner on February 18 and 19, 1946, with a 
power sprayer, using 400 pounds pres- 
sure and no. 8 disks. Contamination of 
control trees by drifting 2,4-D spray was 
prevented by completely covering them 
with canvas tents when spraying near 
by. All leaves were raked from under the 
trees at the beginning of the experi- 
ment. 

In this trial, as in all field trials, leaf- 
drop counts were made by determining 
the number of leaves within a rectangu- 
lar frame approximately i X 10 feet. 
This frame was always placed in a south- 
easterly direction against the tree trunk 
and extended several feet out beyond the 
drip of the tree. 

Results. — One week after applica- 
tion, trees sprayed with 80 U.R. oil alone 
(treatment 6) had dropped many more 
leaves than those sprayed with the same 
oil containing 0.05% 2,4-D (treatment 
5). There was a similar difference be- 
tween the unsprayed (control) trees and 
the oil-sprayed ones. At this time leaf- 
drop differences were not obvious be- 
tween the trees sprayed with 92 U.R. oil 
with and without 2,4-D. 

To determine whether 2,4-D had in- 
duced any differences in leaf drop, five 
leafy twigs per treatment were cut from 
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the trees i week after spraying and were 
placed in an atmosphere of ethylene and 
high humidity in the laboratory. Forty- 
eight hours later, under these conditions, 
the total numbers of leaves remaining on 
each set of five twigs were o, i, 5, 10, 18, 
and 5, respectively, for treatments i 
through 6. These results indicate the ef- 
fectiveness of treatments 3 and 4 (0.005 
and 0.025% 2,4-D in oil) in limiting leaf 
drop on trees sprayed with 92 U.R. oil, 
although differences were not yet appar- 
ent in the field. 

The obvious difference observed in the 
field between treatments 5 and 6 (80 
U.R. oil with and without 0.05% 2,4-D) 
was also shown in a laboratory ethylene 
treatment one week after spraying. How- 
ever, a similar laboratory test made ap- 
proximately 18 hours after spraying 
showed no differences between the oil- 
sprayed leaves with or without 2,4-D. It 
appears that 2,4-D in oil became effective 
in limiting leaf drop between 18 and 168 
hours after application. 

Leaf-drop counts in the field on March 
5, over 2 weeks after spraying, showed 
that addition of 2,4-D to the spray oil 
resulted in a significant decrease in leaf 
drop, in comparison with that of trees 
sprayed with the same oil without 2,4-D 
(table 2). With 92 U.R. oil containing 
0.025% 2,4-D, the decrease was 26.5%; 
with 80 U.R. oil with 0.05% 2,4-D, the 
decrease was 57.4%. Even with the addi- 
tion of 2,4-D, however, the 92 U.R. oil 
sprays induced about three times as 
much leaf drop as in unsprayed trees. 
Leaf-drop counts on March 25 showed 
comparable differences. Fruit-drop ob- 
servations on these trees were not pos- 
sible, as the fruit had been harvested. 

Field test no. 2 

Procedure. — ^This test, with Wash- 
ington Navel orange trees in an orchard 


at La Verne, California, consisted of a 
Latin-square arrangement of four treat- 
ments: (i) no oil spray (control) ; (2) 92 
U.R. oil spray, at 1.66% concentration; 
(3) same as 2, but with 0.0037% 2,4-D 
added to the oil; and (4) same as 2, but 
with 0.0185% 2,4-D added to the oil. 

The required amounts of 2,4-D were 
added as a commercial liquid concentrate 
of 40% 2,4-D as the diethanol ammoni- 
um salt, instead of the 2,4-D free acid be- 
ing dissolved in alcohol as in the previous 
trial. 

To avoid effects of spray drift, the 
treated trees were separated from one an- 
other by two trees in each direction. The 
trees were about 35 years old and had 
been fumigated but had never before 
been sprayed with oil. The sprays were 
applied February 20, 1946, when the 
fruit on the trees was mature. All leaves 
and fruit on the ground under the trees 
were removed. 

Although the trees were as uniform as 
could be expected, there was still varia- 
tion in size. It was suggested that leaf 
drop might be correlated with tree size 
and that a correction for tree volume 
would be desirable. An analysis of co- 
variance (10) gave a nonsignificant F 
value, indicating that it made no differ- 
ence whether leaf drop was corrected for 
tree volume. 

Results. — ^The numbers of leaves 
dropped per tree by March 5, 1946, for 
treatments i through 4, were 40, 21 1, 
296, and 162, respectively (table 2). The 
addition of 0.0185% 2,4-D to oil applied 
at 1.66% concentration in the emulsion 
did not significantly limit leaf drop. 
Counts on March 26 likewise failed to 
show a ^statistically significant difference 
in leaf drop of trees sprayed with oil plus 
2,4-D, in comparison with those sprayed 
with oil alone. 

Fruit drop at La Verne for the period 
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March 21 -April 25, from the trees 
sprayed with 0.0037% 2,4-D oil amend- 
ment, was 32.4% less than that from 
trees sprayed with oil only (table 2) . This 
difference was significant at the 5% level. 
The decrease in fruit drop for the spray 


Fruit-drop counts prior to March 21 
showed a trend similar to that reported 
above, but the differences lacked signifi- 
cance at the 5% level. This may indicate 
that 2,4-D applied in oil required approx- 
imately a month to become effective in 


TABLE 2 

Effect of oil spray, with and without added 24-dichlorophenoxyacetic 

ACID, ON LEAF AND FRUIT DROP OF WASHINGTON NAVEL 

AND Valencia orange trees 


Treatment no. 


Spray oil 


No. 

No. LEAVES 



% 2,4-D 


% in 
emulsion 

IN OIL 

TREES 

DROPPED 

%U.R. 





1 (control) . 

2 

3 

4 


No. ERUITS 
DROPPED 


Field test no. i (Washington Navels, Riverside)* 


I (control) 




5 

5 

94 

411 


92 

2.00 

0.0000 

3 

92 

2.00 

.0050 

5 

397 

4 - • • 

92 

2.00 

.0250 

5 i 

302 

5 • • • • 

80 

2.00 

.0500 

5 ■ ’ 

57 it 

6 . . 

80 

2.00 

0,0000 

5 

1341 


Field test no. 2 (Washington Navels, La Verne)! 


92 

92 

92 


1.66 

1.66 

1.66 


0.0000 

.0037 

0.0185 


40 

211 

296 

162 


120. 2 
179.0 
120. 7 
123.6 


Field test no. 3 (Valencias, Riverside) 


I (control) 




8 

2 

92 

2.00 

0 , 0000 

8 

3 - ’ • • • 

92 

2.00 

.0050 

4 

4 

92 

2.00 

.0250 

4 

5 - 

80 

1.50 

. 0000 

2 

6. . 

80 

1.50 i 

0.0500 

2 


74 

402 

369 


S2I 

400 


* Least significant difference at 5% level, 102 leaves. 

t Compared with same spray without 2,4-D, difference signifiicant at 1% level. (Treatment not in Latin square.) 
! Least significant difference at s% level; leaves, 132; fruits, 58. 

§ Compared with same spray without 2,4-D, difference significant at 5 % level. (Treatment not in Latin square.) 


containing 0.0185% 2,4-D was 30.9%. 
The unsprayed trees dropped 32.8% less 
fruit than those sprayed with oil alone. 
Fruit loss induced by the oil spray was 
thus counteracted by the addition of 
2,4-D. 


limiting fruit drop. Gardner (6), for ex- 
ample, found that naphthaleneacetic acid 
and naphthalene acetamide were most 
effective in decreasing drop of Pineapple 
oranges in Florida when applied several 
months before harvest. 
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A concentration of 0.0037% 2,4-D in 
oil was effective in limiting fruit drop, 
whereas the lowest effective concentra- 
tion for a significant decrease in leaf drop 
seems to be between 0.0185% and 
0.025%. This is a concentration at least 
five times greater than that required for 
a significant decrease in fruit drop. This 
result is in agreement with the observa- 
tion by Gardner and Cooper (7) that 
'The prevention of leaf abscission ap- 
pears to require a much higher concen- 
tration of applied growth substance than 
the prevention of mature fruit drop.” 

Field test no. 3 

Procedure. — This test was with Va- 
lencia orange trees in an orchard at Riv- 
erside, California. The trees were sprayed 
on February 22, 1946. The six treatments 
were: (i) no oil spray (control); (2) 92 
U.R. oil spray, at 2% concentration in 
water; (3) same as 2, but with 0.005% 
2,4-D added to the oil; (4) same as 2, but 
with 0.025% 2,4-D added; (5) 80 U.R. 
oil spray, at 1.5% concentration in wa- 
ter; (6) same as 5, but with 0.05% 2,4-D 
added to the oil. 

There was at least one untreated tree 
(usually there were two) between the 
trees in treatments i, 2, and 5 (no 2,4-D 
used) and the trees in treatments 3, 4, 
and 6 (sprayed with 2,4-D in oil). Except 
for this restriction, the treatments were 
randomized among trees in two rows. The 
numbers of trees used for treatments i 
through 6 were: 8, 8, 4, 4, 2, and 2, re- 
spectively. Maturing fruit was on the 
trees. Oil emulsions and 2,4-D additions 
were prepared and applied as in the La 
Verne trials. 

Results. — Counts on March 9 indi- 
cated a 29.6% decrease in leaf drop (sig- 
nificant at the 1% level) owing to the ad- 
dition of 0.025% 2,4-D to the 92 U.R. 
oil (table 2) . With the 80 U.R. oil, the de- 


crease in leaf drop resulting from the ad- 
dition of 0.05% 2,4-D was 23.2%. Since 
only two trees were available for each 
treatment with the 80 U.R. oil, the sig- 
nificance of this decrease could not be 
statistically tested. 

Leaf-drop determinations on March 
25 showed differences similar to those 
above. There was no obvious drop of the 
immature fruit as a result of the oil 
spray. It will be of interest to note 
whether 2,4-D oil spray applied to trees 
with immature fruits will decrease the 
drop of the mature fruits. 

The above data indicate that the posi- 
tive results in the second and third field 
tests are due to 2,4-D and not to the 
diethanolamine in which it was added, 
since they are the same as in the previous 
trials in which no diethanolamine was 
used. 

Tree injury 

The possibility of more tree damage 
from 2,4-D than from the oil spray is a 
consideration of prime importance. It has 
been generally observed that 2,4-D in 
water solutions of 0.1% has a deforming** 
effect on expanding leaves and stems of 
the orange tree. In July, 1945, two 10- 
year-old Valencia orange trees with no 
expanding leaves or buds were sprayed 
with 2,4-D (approximately 0.14%) in 
water. Until November of that year, no 
effects of the spray were apparent, except 
for a lack of new growth; owing to the lo- 
cation of the trees, it was difficult to de- 
termine whether this was the result of 
2,4-D injury. Several trees sprayed at the 
same time with 0.07% 2,4-D in water 
also failed to show new growth. Valencia 
trees sprayed September 15, 1945, with 
0.14% 2,4-D in water showed epinastic 
curvatures of the actively growing stems 
and leaves and a yellowing of the expand- 
ing leaves. The plant parts that were not 
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expanding made no externally visible re- 
sponse. In all cases observation of the 
roots disclosed no indications of injury. 
Since all these trees were destroyed when 
the tract was cleared, in November, 
1945, additional observations were not 
possible. On other trees left standing in 
the same grove, on which only isolated 
actively growing branches had been 
sprayed in September, 1945, the effects 
described above were still persistent in 
April, 1946. No lateral buds were then 
expanding on the sprayed branches. 

A 15-year-old grapefruit tree spra3?'ed 
September 15, 1945, with 0.14% 2,4-D 
in water, responded in the same manner 
as the oranges. The shoots that were ac- 
tively growing at the time of spraying 
were still distorted in April, 1946, and 
showed no tendency to become normal. 
This response and the apparently de- 
layed opening of the flower buds were the 
only obvious effects of 2,4-D. The roots 
showed no changes because of the treat- 
ments and appeared to be healthy. 

A 5-year-old lemon tree with many ac- 
^ tively growing shoots was sprayed at 
the same time (September 15) and in the 
same manner as the grapefruit. Severe 
epinastic curvatures of the growing stems 
and leaves occurred within 10 days. 
After one month, the pedicels on' sprayed 
trees were thickened in comparison with 
those on nonsprayed trees, and the fruit 
appeared to be very securely attached. 
By December many apparently mature 
leaves had become a dull-yellow color. 

As expected from, the above observa- 
tions, the stage of bud expansion appears 
to be an important factor in the use of 
2,4-D as a spray-oil amendment. At the 
time of spraying the Riverside Navel 
plot (field test no. i) many stem and 
flower buds had expanded to a length of 
2 mm., and young leaves were 3-7 mm. 
long. Three weeks after spraying with 
0.025% 2,4-D, the lateral halves of the 


basal portions of the leaf blades were ex- 
panding normally but the apical halves 
remained closed. By April 15, however, 
most blades had opened normally their 
entire length, and none remained tightly 
closed. The expanding leaves on the trees 
sprayed with 0.05% 2,4-D curled tightly 
inward and had failed to open in the 2 
months after spraying. By July, when 
the next growth flush occurred, these 
leaves were expanded fully, except for a 
slight pinching-together of the blade near 
the tip. No effect on leaf growth was ob- 
served from the 0.005% 2,4-D spray. 
Opening of flower buds was apparently 
normal in all treatments. 

In contrast to the Riverside Navels, 
the Riverside Valencias and the La 
Verne Navels were in a tighter bud stage 
at the time of spraying and, in general, 
the expanding vegetative and flower buds 
showed no undesirable responses, even 
to the 0.05% 2,4-D spray. Only rarely 
were the above-described effects ob- 
served on these trees. Possibly the few 
scattered buds showing a response were 
further expanded than the others at the 
time of spraying. 

To avoid the deforming effects result- 
ing from sprays containing 2,4-D, ap- 
plication should be made only when the 
tree has a minimum of actively growing 
branches and not during a growth flush. 
In general, this corresponds with the 
times when sprays are usually applied. 
These observations all forcibly empha- 
size the fact that the use of 2,4-D as a 
spray-oil amendment must await further 
study of undesirable effects on the trees. 
Such studies are now in progress. 

Discussion 

The addition of 0.025% 2,4-D to 92 
U.R. tank-mixed oil used at 2% concen- 
tration in water on Washington Navel 
and Valencia orange trees at Riverside 
(table 2) significantly limited leaf drop, 
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in comparison with results from the same 
oil spray used without 2,4-D. The use of 
a similar spray oil at 1.66% concentra- 
tion, with 0.0185% 2,4-D, on Washing- 
ton Navels at La Verne, also decreased 
leaf drop, but the difference between 
these results and those obtained with the 
same oil spray without 2,4-D was not 
statistically significant. The difference in 
the results at Riverside and La Verne 
was apparently not caused solely by the 
lower concentration of 2,4-D used at La 
Verne but was partly the result of the 
smaller oil deposit on the leaves in the 
La Verne test, owing to the lower per- 
centage of oil in the emulsion; this was 
indicated by direct determinations of the 
amount of spray oil deposited on the 
leaves. 

Duplicate analyses for deposited oil 
were made on 100 leaves per treatment, 
collected equally from all trees in the 
treatment on the day following spraying. 
For treatments 2 (92 U.R. oil only, at 
2%) and 4 (the oil plus 0.0185% 2,4-D), 
the amounts of deposited oil on the Navel 
orange leaves from La Verne were, re- 
spectively, 65,8 and 53.3 ml. X io“Vsq. 
cm. of leaf area. For the corresponding 
treatments on the Valencia leaves from 
Riverside, the amounts of deposited oil 
were, respectively, 69.1 and 83.6 ml. X 
io~Vsq. cm. The Valencia trees showed a 
significant decrease in leaf drop, even 
though there was actually more oil de- 
posited on the leaves of the trees sprayed 
with oil plus 2,4-D than on those sprayed 
with oil alone. In the La Verne trials the 
comparison failed to show a significant 
decrease in leaf drop, even though in this 
case less oil was deposited on the leaves 
treated with 2,4-D than on those with 
oil alone. 

Assuming that all the 2,4-D added 
was carried in the oil in the emulsion, the 
maximum amounts of 2,4-D per square 
centimeter of leaf surface of the River- 


side Valencias and La Verne Navels may 
be calculated to have been 0.0209 p. gm. 
and 0.0099 M respectively. The 

amount of 2,4-D actually effective in the 
La Verne trial was 53% less than in the 
Riverside trial, instead of 26% less, as it 
would have been on the basis of 2,4-D 
concentration alone. If the upper and 
lower leaf surfaces are assumed to total 
50 sq. cm., the amount of 2,4-D deposited 
per leaf on the Valencia trees was i .04 ju 
gm. Since this amount is probably very 
small compared wfith that of the explora- 
tory trials, where branches were sprayed 
with undiluted oil with 2,4-D added, 
tests are being made with oil-emulsion 
sprays containing higher concentrations 
of 2,4-D than those reported here. 

Although the foregoing comparison is 
between two varieties of oranges (Wash- 
ington Navel and Valencia), the ob- 
served differences in leaf drop because of 
varietal differences are not considered 
significant here, since at Riverside both 
varieties gave the same response to the 
same treatment. 

Summary 

1. Exploratory tests indicated that 
the addition of 0.025% 2,4-dichloro- 
phenoxyacetic acid to undiluted spray 
oil applied to branches of both Washing- 
ton Navel and Valencia orange trees 
strikingly limited leaf and fruit drop, in 
comparison with that of trees similarly 
sprayed, but without 2,4-D. 

2. In preliminary field trials the addi- 
tion of 0.025-0.05% 2,4-D to the oil in 
oil- water emulsion sprays for use on or- 
ange trees significantly decreased leaf 
drop 26.5% to 57.4%, the percentage re- 
duction depending on the properties of 
the oil and on the concentration of 

2.4- D. 

3. In the one trial where fruit counts 
were possible, the addition of 0.0037% 

2.4- D to the spray oil significantly de- 
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creased fruit drop 30.9%, compared with 
drop from trees similarly sprayed, but 
without 2,4-D. 

4. Experiments have shown that the 
stage of bud expansion appears to be an 
important factor in the use of 2,4-D as a 
spray-oil amendment. At the present 
time, 2,4-D as a spray-oil amendment 
cannot be recommended for commercial 
orchard practice, since under certain 
conditions not yet fully established in- 
jury to trees may result from its use. 
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ANALYSIS OF LEVULINS, INULIN, AND MONOSACCHARIDES 

IN GUAYULE' 

HAMILTON P. TRAUB^ AND M. C. SLATTERY^ 


Introduction 

In previous papers the nature of the 
water-soluble carbohydrates in guayule 
iParthenium argentatum A. Gray) has 
been established (2, 5, ii, 12), and the 
importance of relating the relative pro- 
portions of the 89%-ethanol-soluble and 
the 89%-ethanol-insoluble levulins to 
plant functioning has also been indi- 
cated (ii). The reader is referred to 
Traub and Slattery (ii) for criticism 
of the earlier untenable conception of the 
nature of the chief carbohydrate reserve 
in guayule (4). In the present paper 
methods of extracting and analyzing for 
water-soluble carbohydrates and for dis- 
tinguishing between 89%-ethanol-sol- 
uble and 89%-ethanol-insoluble levulins 
are briefly summarized. Typical re- 
sults obtained by the application of 
these methods, showing seasonal changes 
in guayule tissues, are presented. 

Methods 

Extraction or tissues 

The tissue samples are dried, finely 
ground, and then again dried at 65° C., 
according to the procedure described by 
Traub (9). The method for the extrac- 
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Research Project, Bureau of Plant Industry, Soils 
and Agricultural Engineering, Agricultural Re- 
search Administration, U.S. Department of Agri- 
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tion of water-soluble carbohydrates is 
adapted from the work of Traub et al. 
(13) and consists of (a) cold-water ex- 
tractions for the determination of total 
free sugars, total free fructose, and total 
cold-water-soluble carbohydrates (free 
sugars plus levulins) and of (b) hot-water 
extractions for the determination of total 
water-soluble carbohydrates (free sugars, 
levulins, and inulin). 

Cold-water extraction. — Dupli- 
cate 2-gm. samples of the finely ground 
tissue, prepared as described by Traub 
(ii), are transferred to loo-ml. volu- 
metric flasks, provided with glass stop- 
pers, by means of a stemless glass funnel. 
Approximately I gm. of powdered CaCOs 
and so ml. of water are then added, and 
the tissue is wetted by rotating the flasks, 
which are then placed in a water bath at 
20° C. for I hour. After removal, i ml. of 
a saturated solution of neutral lead ace- 
tate is added, and the contents of the 
flasks are made up to volume and thor- 
oughly mixed. After standing for a few 
minutes to allow for complete precipita- 
tion of proteins, tannins, etc., the con- 
tents are filtered into flasks with o. 2-0.3 
gm. of dry powdered sodium oxalate on 
the bottom. After shaking, the contents 
of the flasks are allowed to stand for a 
few minutes to insure complete deleading 
and are then filtered into 125-ml. dry 
Erlenmeyer flasks. Aliquots of the filtrate 
are used for the determination of total 
free sugars, total free fructose, and total 
cold-water-soluble carbohydrates (free 
sugars plus levulins). 

Hot- WATER extraction. — T he pro- 
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cedure is the same as that outlined in the 
preceding paragraph except that the 
flasks containing the wetted tissue are 
placed in a boiling-water bath for i hour, 
and the neutral lead acetate is added 
after cooling the contents of the flasks to 
20"^ C. in a water bath. Aliquots of the 
final filtrate from these extractions are 
used for the determination of total water- 
soluble carbohydrates (free sugars, levu- 
lins, and inulin) . 

At times considerable difiiculty may 
be encountered in filtering hot-water ex- 
tracts of guayule leaves and new growth, 
apparently because of the colloidal state 
of some of the constituents extracted 
with hot water. In such cases, one or two 
spoonfuls of diatomaceous earth are 
placed on the filter paper before the 
plant extracts are poured on. 

Carbohydrate ANALYSIS 

Aliquots from the cold-water extrac- 
tions, without hydrolysis, are used for 
the determination of total free sugars by 
SoMOGYfis semimicro copper method (8) 
as modified by Browne and Zerban (i) 
and of total free fructose by Nyn’s 
cupro-carbonate method (6) as modified 
by Jackson and Mathews (3). 

Levulins, or levulins plus inulin, in 
lo-ml. aliquots from cold- or hot-water 
extractions, are hydrolyzed with i ml. of 
10% HCl (1.0741 sp. gr.) in a hot-water 
bath at 70° C. for 10 minutes. The solu- 
tions are neutralized with dilute NaOH, 
with phenolphthalein as indicator. Ali- 
quots are then taken for the determina- 
tion of total cold-water-soluble carbohy- 
drates (free sugars and inulin) and total 
water-soluble carbohydrates (free sugars, 
levulins, and inulin), respectively, again 
by Somogyi^s semimicro copper method 
(8) as modified by Browne and Zerban 
«• 


For the rapid determination of total 
fructose (free and polymerized) in the 
cold- or hot-water extracts, Roe’s alco- 
holic resorcinol method (7), or this meth- 
od as modified by McRary and Slat- 
tery (4), may be used. The following 
values are determined directly : (a) total 
free sugars (from cold-water extract) ; (b) 
total free fructose (from cold-water ex- 
tract); (c) free sugars plus levulins (from 
cold-water extract) ; {d) free sugars, levu- 
lins, and inulin (from hot-water extract) ; 
and (e) total fructose, free and polymer- 
ized (from both cold- and hot-water ex- 
tracts, respectively) . The required values 
not directly determined are obtained by 
subtraction: nonfructose free sugars, 
a — b; levulins, c — a; and inulin, d — c. 


The basic values for free sugars plus 
89%-ethanol-soluble levulins are deter- 
mined as follows: i- to 2-gm. samples of 
the finely ground tissue are continuously 
extracted with 89% ethanol, by volume, 
in a reflux apparatus, Landsiedl type, for 
6 hours. However, the Soxhlet type ex- 
tractor may be substituted if desired. For 
purposes of extraction, 80% ethanol, by 
volume, is placed in the boiling flask of 
the extractor, and thus the condensate 
dripping into the extraction cups will be 
approximately 89% ethanol by volume 
(ii). The insoluble residue is discarded. 
The flask containing the ethanol extract 
is placed on the steam bath, and the 
ethanol is evaporated off. The 89%- 
ethanol-extract residue is transferred 
quantitatively to loo-ml. flasks and is 
made up to volume with water. Aliquots 
of this solution, hydrolyzed with HGl, 
neutralized with dilute NaOH, and clari- 
fied as indicated in the previous section, 
are used for the determination of free 
sugars plus 89%-ethanol-soluble levulins 


Fractionation oe levulins 


LEAVES 





2-year-old guayule nursery plants— leaves, stems, and roots: free sugars 
[KS); levulms (i:F);mulin (IN); 89%-ethanol-solubIe levulins (XP) ; 89%-etiianol-insoluble levulins (FP)* 

andtotalwater-solublecarbohydrates (PC) ; expressed on dry-weight basis. 
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by SoMOGYi’s semimicro copper method 
(8) as modified by Browne and Zerban 
(i). 

The values for the 89%-ethanoLsol- 
iible levulins are obtained by subtracting 
the values for free sugars from the values 
for free sugars plus 89%-ethanobsoluble 
levulins. The values for the 89%-ethanol- 
insoluble levulins are obtained by sub- 
tracting the values for free sugars plus 
89%-ethanol-soluble levulins from the 
values for total water-soluble carbohy- 
drates (free sugars, total levulins, and 
inulin). 

Seasonal changes 

Typical results obtained by the appli- 
cation of the methods briefly described 
above are shown graphically in figure i . 
Seasonal changes in the various fractions 
of the water-soluble carbohydrates in 
guayule leaves, stems, and roots will be 
^ briefly discussed. 

Free sugars (RS) are relatively limited 
in amount in the stems and roots, below 
1%, but rise to almost 2% in the leaves. 
As contrasted with the relatively greater 
variation in levulins and inulin, there is 
little seasonal variation in percentage of 
free sugars in stems and roots, suggesting 
that the latter are the carbohydrates of 
translocation in guayule. 

The inulin fraction (IN) is relatively 
small, never rising as high as 4%, in this 
case, in any of the tissues; it is largest in 


the roots, somewhat smaller in the stems, 
and very limited in the leaves. The inulin 
values rise with decrease in temperature 
in November, reach a peak in midwin- 
ter, and in April begin to fall again to the 
summer low. 

Levulins (£F) are the chief reserve 
carbohydrates in the stems and roots of 
guayule at all seasons. The percentage of 
levulins is always highest in the roots, 
in which it falls to a minimum value soon 
after the first flush of growth in April. 
It rises rapidly until June and then grad- 
ually to the midwinter peak. 

When the relative proportion of the 
89%-ethanol-soluble levulins to the 89%- 
ethanol-insoluble levulins (ii) is con- 
sidered, we obtain a more dynamic pic- 
ture of the carbohydrate transformations 
in guayule tissues. The values for 89%- 
ethanol-soluble levulins (iP) rise to a 
high during the summer and fall to a low 
in winter, beginning with the onset of 
lower temperatures, whereas the values 
for 89%-ethanol-insoluble levulins (HP) 
present a mirror image, falling to a low in 
summer and rising to a high in winter. 
Traub et al. (10) have shown that 
drought, or high soil-moisture, stresses, 
applied to guayule nursery seedlings, 
have an effect similar to that of low tem- 
perature. 

Bureau of Plant Industry, Soils and 
Agricultural Engineering 

U.S. Department OF Agriculture 
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Die Koniferen des Oberkarhons und des unteren Perms. 

By Rudolf Florin. Paleaontographica 8s, Abt. B 

(Hefte 1-7): 1-654. 1938-1944. Stuttgart. With 

pis. 1-186. 

For some time, with interruption caused by 
World War II, Dr. Rudolf Florin has been pub- 
lishing in Palaeontographica his series of researches 
on Paleozoic conifers. These have appeared: Part i 
in 1938, Parts 2-4 in 1939, and Part 5 in 1940. Near- 
ly all these earlier issues have reached American li- 
braries. The printing of Parts 6-8 was delayed; 
Parts 6 and 7 bear 1944 dates and have thus far ap- 
peared in very few American libraries, while Part 8, 
which includes the summary, the all-important bib- 
liography for Parts 6-8, and the index for the entire 
series, is in type but still awaits printing. 

Florin has carefully examined at first hand fossil 
materials of the Upper Carboniferous, Permian, and 
Mesozoic. He gives detailed descriptions of hundreds 
of items found in European and American collec- 
tions, all fully illustrated in 150 quarto plates (Parts 
1-4). Here Florin applies his detailed knowledge 
of stomatal and cuticular anatomy founded upon his 
well-known researches" on these structures in the 
living conifers. 

The fossil material of Paleozoic conifers is very 
abundant, but nearly all of it is in the form of impres- 
sions and compressions. Only the latter include some 
organic residues. True petrifactions are not avail- 
able, Specimens of petrified Paleozoic wood are only 
doubtfully coniferous. In spite of the unsatisfactory 
condition of these fossils, it was possible to bring to- 

" R. Florin, Untersuchungen zur Stammesge- 
schichte der Coniferales und Cordaitales. I. Mor- 
phologic und Epidermisstruktur der Assimilations- 
organe bei den rezenten Koniferen. K. Svenska Vet.- 
Akad. Handl. 3, ser. Vol. 10. Stockholm. 1931. 


gether the specimens belonging to many species un- 
der various genera through comparison of their 
cuticular characters and to recognize the reproduc- 
tive parts that belong to the same system. 

Florin has segregated from the fossil material, 
which had been referred to Walchia Sternb. more 
than a century ago, two Upper Carboniferous and 
Lower Permian genera: Lehachia Florin (Parts 1-3), 
under which he recognizes fourteen species, and 
Ernestiodendron Florin (Part 4), for which he de- 
scribes several species. Others are left, and several 
new species are placed, under Walchia and related 
either to Lebachia or Ernestiodendron. 

Part 5 includes about fifteen form genera, many 
of them based upon reproductive parts. These have 
all been subjected to the same detailed treatment 
and are illustrated in plates 151-166. Also included 
in Part 5 are keys to these fossil genera and a bibliog- 
raphy of 282 titles specifically for Parts 1-5. 

Parts 6 and 7, dealing in summary with the vege- 
tative and reproductive organs of fossil and modern 
conifers, are most interesting to the reviewer. These 
chapters include more general discussions, recon- 
structions, and comparisons. In addition to plates 
167-186, there are 65 text figures, many of them in 
full page, showing Florin’s restorations of the 
Paleozoic and Mesozoic conifers. 

The Lebachias were monoecious plants of moder- 
ate size, having small leaves always spirally ar- 
ranged, small cones, and small seeds. Their growth 
habit resembled that of Araucaria excelsa. The 
leaves were small, closely imbricated, awl-shaped, 
slightly dimorphic, and with a single mid-vein. Those 
clothing the main stem and leaders were slightly 
larger than those on smaller secondary branches and 
had the apex forked, as in leaves of Gomphostrobus. 
Smaller leaves had acute, unforked apices. 

The seed cones and pollen cones of Lebachia were 
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terminal on short lateral branches and always mono- 
sporangiate. No evidence w^as uncovered to indicate 
bisporangiate cones. The pollen cones were simple 
strobili with narrowly triangular, peltate, acute 
sporophylls spirally imbricated on the cone axis. Two 
microsporangia were attached beneath the sporo- 
phyll shield on opposite sides of the stalk. The pollen 
grains were peculiarly winged all around, with the 
exoexine almost wholly surrounding the included 
cell 

The seed cones were compound structures having 
the reproductive parts borne on short shoots or 
fascicled in the axils of bracts. The subtending bracts 
were forked at the tips after the pattern of the 
Gomphostrohus leaf t3^e. In the axils of these bracts 
occurred free sterile and fertile stalks (interpreted as 
telomes by the author) intermingled. The seeds were 
carried singly and erect at the tips of the fertile ap- 
pendages. ErnesHodendron w^as very similar to Le- 
hackia, but some of the other genera of the period 
(various Walchia species) differed in having the 
seeds inverted at the ends of the stalks. 

Part 7 includes descriptions of the reproductive 
parts of Cordaitales of two principal tjrpes. This is 
followed by a chapter of comparison of the Paleozoic 
conifers with the Cordaitales. Also discussed are the 
Upper Permian PsetidovoUzia Florin and 

Ullmannia Goeppert. As Florin reconstructs the 
cone-scale complex of PseudovoUzia, it is composed of 
nine members unfused, except possibly at the base: 
three inverted ovules are borne at the ends of as 
many long stalks, behind which are five sterile leaf- 
like members, and the lanceolate bract w'hich sub- 
tends this assembly. It is through fusion of these 
members with each other and finally with the bract 
that the cone scale of the Pinaceae, Araucariaceae, 
Taxodiaceae, and other conifers has been derived. 

Florin also considers a selection of generic t3^es 
from the Mesozoic, with his own diagrammatic re- 
constructions and interpretations. This discussion 
considers about twenty Mesozoic conifers, with the 
Taxales set up as a separate order. The living con- 
ifers (with fifty genera) are then interpreted in the 
light of the fossil evidence presented. They are de- 
scribed under Taxodiaceae, Pinaceae, Araucariaceae, 
Podocarpaceae, Cupressaceae, and Cephalotaxaceae. 
The four genera of Taxaceae — TaxuSy Austrotaxm, 
Torreya, md Amentotaxus-~2irt here included under 


the Taxales, as an order distinct from the Conifer- 
ales. He finds CallUropsis Compton (not Oersted) a 
later homonym and supplies the new^ name Neocalli- 
tropsis. 

There can be no question about the immense val- 
ue of the study of cuticular anatomy to the identity 
of the conifers, other gymnosperms, and pterido- 
phytes. Through this approach, Florin has been 
able to recognize and define fossil genera, including 
the least-known conifers of the Paleozoic. These new 
monographic studies will be indispensable in a study 
of conifers from all geological horizons. His cuticular 
investigations must be considered in any future 
monographic treatment, including that of living 
conifers. 

From Florin's evidence, it appears that the old 
controversy concerning the nature of the coniferous 
cone scale has been definitely settled on the basis of 
historical data. The ovuliferous scale is an axillary 
structure or brachyblast, entirely separate from the 
bract in the compound seed cone of these fossils. The 
ovules, how^ever, are megasporangia borne on their 
own stalks, not on the surface of the ovuliferous 
scale. In the course of evolution, these stalks fused 
with one another, with associated sterile stalks, and 
eventually with the subtending bract. To speak of 
the ovuliferous scale as a ligular outgrowth or ap- 
pendage of the bract or as a ‘‘carpel" is obviously 
erroneous. 

The reviewer is not fully convinced that the sepa- 
ration of the Taxales in a separate order is necessary. 
True, these are the “conifers without cones," mean- 
ing seed cones, but they all possess pollen cones and 
are a part of the conifers. This emphasizes the fact 
that the Taxales go far back in their history to the 
early Mesozoic. Florin considers that in the Tax- 
ales the female reproductive organs are not reduced 
from complex cones to single ovules but rather that 
this group never possessed seed cones and that the 
erect ovule was held over or derived somewhat di- 
rectly from the erect ovules and seeds found in the 
Lebachias and earliest conifers. This condition held 
over, and it is still to be met with in VoUziopsis oi 
the Mesozoic. 

Florin’s work in its entirety is requisite for any 
study of fossil plants. It is equally indispensable as a 
background to workers in the field of living conifers. 
— J. T. Buchholz. 
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GROWTH-REGULx\TING SUBSTANCES AS HERBICIDES 
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Introduction 

Soon after the discovery of the pos- 
sible use of indoleacetic acid as a means 
of inducing root formation by some 
plants, it became obvious that there was 
a close relationship between the quantity 
and concentration of the acid used and 
the degree and type of response made by 
treated plants. It was clear, also, that the 
period of time over which a plant was ex- 
posed to the growth-regulator was im- 
portant. It was necessary, therefore, to 
observe a critical quantity“Concentra- 
tion-time factor in the treatment of 
cuttings, seeds, or entire plants for any 
desired result (4, 10, 16, 17). Other sig- 
nificant observations were that various 
species, varieties, and even individual 
plants showed a marked differential in 
the degree of their responses to different 
substances in varying concentration un- 
der the same environment and that the 
responses were markedly influenced by 
varying environmental conditions. It was 
found that the chemical composition and 
the degree of maturity of the plant 
treated had much to do with its qualita- 
tive and quantitative responses after 
treatment. As more potent growth- 
regulators were discovered and studied, 
and as attempts were made to adapt 
them to economic use, the importance of 
all these facts became more strikingly 
clear and obvious. Many of the earlier, 
and also of the current, investigations 
have been concerned with the testing of 
plant behavior in these respects. Only a 

^ Senior Physiologist, Bureau of Plant Indus- 
try, Soils and Agricultural Engineering, Belts- 
ville, Md. 


few of many earlier references are given 
to indicate these points (10, ii, 12). 

Briefly summarized, it had been recog- 
nized almost from the inception of the 
attempted economic use of synthetic 
plant hormones or growth-regulating 
substances that there was a fairly wide 
range in the degree to which various 
species or even individual plants would 
respond. It was necessary to determine 
experimentally the range within which 
these compounds could be applied to 
plants without toxic injury (4, 10, 17). 
For many years, in the United States at 
least, although apparently less so in 
Great Britain (14, 17), few attempts 
were made to utilize growth-regulators 
as plant toxicants. Much greater atten- 
tion was given to the potential capacity 
of growth-regulators to suppress bud 
development or to stimulate or increase 
plant growth, and other miscellaneous ef- 
fects, especially by experimentalists in 
the applied fields. That there has been a 
marked change in viewpoint is well 
shown by the very large numbers of re- 
cent reports on the use of growth-regula- 
tors as herbicides. It is greatly to be 
hoped that a reasonable balance in view- 
point will prevail and that studies on the 
full range of the effects which these com- 
pounds may produce in and upon plants 
will receive the adequate attention such 
studies well merit. 

When, prior to 1941, items of national 
defense became of increasingly greater 
concern, it was obvious to us, because 
of the closeness with which we had 
worked on growth-regulating substances 
for several years, that far more thought 
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and attention should be given to any de- 
fensive measures which could be em- 
ployed if advantage were to be taken of 
the toxic properties of growth-regulating 
substances for the destruction of crops 
or the limitation of crop production. 
Obviously, such studies could, at the 
same time, demonstrate any value which 
such compounds might possess as oiEEen- 
sive tools. Special advantage could be 
taken of the differential sensitivity of 
plants to growth-regulators by using the 
latter as differential herbicides and in 
other ways in agricultural practice. What 
we suggested was that the experience 
and knowledge already at hand, together 
with that from additional investigations 
concerning plant responses to growth- 
regulators, be used more nearly com- 
pletely than had been the case. Our sug- 
gestions were brought to the attention of 
certain groups of individuals which had 
been organized to concern themselves' 
with problems of national defense. The 
idea was also presented to representa- 
tives of the United States Army. First at 
the University of Chicago and then 
under sponsorship of a committee of the 
National Academy of Sciences, investiga- 
tions were begun and results reported 
from time to time. The work eventually 
became a part of an established program 
on biological warfare. All details concern- 
ing this work, as well as all results ob- 
tained, were promptly placed under re- 
striction. Some of the pertinent facts con- 
cerning the program on biological war- 
fare and its implications were presented 
by Mr. G. W. Merck (3, 9) at the West- 
inghouse Centennial Forum in May, 
1946. These need not be reviewed here. 
Some of the results of work carried out 
as part of the activities of investigators 
in the Special Projects Division, Chemi- 
cal Warfare Service, at Camp Detrick, 
Frederick, Maryland, have appeared in a 


series of eighteen papers in the Botani- 
cal Gazette for June, 1946 (107:476- 
632), and elsewhere (2). This program 
dealing with the use of growth-regulators 
as herbicides was well advanced before it 
was known to us that important develop- 
ments in a similar field also took place in 
Great Britain (15, 18) . 

As has been pointed out by Norman 
.(13), our earlier data have been withheld 
from publication up to now in conform- 
ity with security regulations. It still 
seems worth while to release them be- 
cause they present certain results con- 
cerning the reactions of a number of 
species and varieties of plants apparent- 
ly not yet recorded elsewhere. The 
points concerning the recovery and sub- 
sequent behavior of plants injured in 
varying degrees by the several growth- 
regulators, the resultant, obvious stimu- 
lating effects, as indicated by the in- 
creased intensity of the green color, 
larger size, and greater longevity of some 
plants, as well as various other details, 
deserve much further investigation. 

In our earlier experiments growth- 
regulating substances then in common 
use were applied as sprays, dusts, and 
vapors and by other methods. By re- 
quest, experiments with some of the 
better-known inorganic and organic 
herbicides, both differential and nondif- 
ferential, were carried out and the re- 
sults reported. Among these materials 
three plant growth-regulators appeared 
to have some importance. In the case of 
bean plants, phenylacetic acid applied at 
the rate of i p.p.m. in water to soil de- 
creased growth 75%. As an emulsion 
sprayed on the foliage, it decreased 
growth 10% compared with controls. 
Naphthaleneacetamide applied at the 
rate of i part in 10 million in water to 
soil decreased growth 70-100%, and the 
same concentration applied as an emul- 
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Sion spray to the foliage reduced growth 
25%- These results were somewhat simi- 
lar to those already reported by other in- 
vestigators (5, 6, 8, 14, 17). A 20% emul- 
sion spray of a-naphthaieneacetic add 
killed 70% of the treated plants. Results 
with other compounds were similar to 
those already frequently reported in the 
literature as dwarfing growth and, gen- 
eraUy, decreasing yields of fruits or 
grains (10, 14, 17). 


rophenoxyacetic acid, and 2,3,5-triiodo- 
benxoic acid (fig. i). A trial with most 
encouraging results was made in Janu- 
ary, 1943, in the greenhouses at the Uni- 
versity of Chicago. More extensive in- 
vestigations were begun as soon as pos- 
sible at the United States Plant Industry 
Station, Beltsville, Maryland. Data on 
some of the earlier trials are given here- 
with. In the descriptions below, trials are 
distinguished by letter for convenience in 
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and benzoic acid growth-regulators. It 
occurred to us that these m,i£ht well he 

of great value in connection xdth the ex- ExpenmentaUon 


penments we had under way. According- 
y, samples of some of these materials 
were requested from Dr. Zimmerman, 
who promptly furnished us with ma- 
terial of 2,4-dichlorophenoxyacetic acid, 
2 , 4 ,s-trichlorophenoxyacetic acid, 4-chlo- 


Trial a 

^ Young kidney bean plants were grown 
m rich soil in pots placed on well-lighted 
greenhouse benches at the Plant Indus- 
try Station. Two plants were left in each 
pot. At the time of treatment the first 


BOTANICAL GAZETTE 


[march 


3C»4 

trifoliate leaf was just beginning to ex- 
pand. The plants were decapitated just 
below the node at which such a leaf was 
borne. Each growth-regulator used was 
added to lanolin, making a 2% mixture, 
and was applied in a thin film to the cut 
surface on March 22, 1943. The following 
notes were made on March 30, 1943. 

Tryptophane.— Gxo\Nt\i about same as in 
previous experiments (7); somewhat less than 
when glutathione was added to mixture. 

Tryptophane {2%)+ glutathione (2%). — Con- 
siderable growth made by entire plant; more 
than controls. Tumors formed show more 
growth than controls. Tumors irregular, large; 
many large galls formed at points where shoots 
had been removed. Galls about same size as 
tryptophane only but somewhat fewer in num- 
ber. May be no correlation with composition of 
mixture applied. 

a-Naphthyl methyl ace/a/e.—Plants very re- 
sponsive; tissues killed at surface and much 
swollen below. Many root primordia. Tumors 
decidedly ridged in appearance; resemble those 
from application of naphthaleneacetic acid more 
than any others. 

4-Chlorophcnoxy acetic aad.— Stem dead to 
primary leaves, which have turned yellow. 
Some injury below primary leaves. A few plants 
show tumors with dead stem above them. Mix- 
ture too concentrated. 

2,^,^-Tricklorophenoxyacetic aad.— --Results 
similar to application of 4-chlorophenoxyacetic 
acid. More plants show severe injury, especially 
farther down the stem. Leaves yellowed; some 
plants dead. 

2,^-Dichlorophenoxyacetic acid. — ^Less in- 
jury than 4-chlorophenoxyacetic acid or 
2,4,5-trichlorophenoxyacetic acid. Tumors 
flatter when formed— more thickening of stems 
at greater distance. Substance apparently 
travels farther through plant, but plants are too 
severely injured to continue long development. 
Try weaker mixture. 

a~Naphthaleneacetic acid. — ^Large tumors as 
usual, about like those resulting from applica- 
tion of a-naphthyl methyl acetate but ap- 
preciably smaller; not so flat; fewer roots, about 
same amourit of injury. 

Trial B 

Another set of lanolin mixtures was 
applied on April 9, 1943, at Beltsville. 


The bean plants were grown in pots of 
rich loam in a well-lighted greenhouse, 
two plants per pot. They were more 
vigorous than the first lot treated on 
March 22, 1943. The decapitation meth- 
od was used; the trifoliate leaf was ex- 
panding at the time of treatment. 

Notes, were made and specimens col- 
lected on April 26, 1943. The concentra- 
tion of each growth substance used is 
given for each particular treatment. 

Tryptophane (2%).— From the same bottle 
used in trial A. Results about the same as in 
first experiment, but many fewer galls developed 
where shoots had been removed. Since there 
was more space between plants, theremay have 
been less moisture in the air around the plants. 
Plants grew more rapidly than in trial A, but 
tumors were no larger. 

Tryptophane {2%) glutathione (. 5 %).— This 
mixture was the same as used in trial A, and 
results are similar. Addition of glutathione to 
the tryptophane mixture gives definite stimula- 
tion in early stages of growth but does not result 
in a finally larger tumor. Tumors on sides of 
stems somewhat larger than with tryptophane 
only. This may be the result of more light and 
a difference in moisture content of the atiiios- 
phere. 

4-Chlorophenoxyacetic acid (/%),— A thin 
film was applied on cut surface, but some ran 
down the side when it melted in sun. Material 
from same vial as in trial A, but diluted with an 
equal volume of lanolin. Treated stems usually 
killed halfway to primary leaves, where they 
then enlarged to form large oval tumors with 
prominent ridges and some root primordia. 
Axillary shoots 1-5 inches long; some normal, 
but most of them have tightly rolled, very nar- 
row leaflets, curled at the tip. Leaves striped 
dark- and light-green like those on plants show- 
ing symptoms of mosaic. Stimulus apparently 
travels for long distances in the plants. Primary 
leaves yellow. Axillary stems not much dis- 
torted. (Fig. 2J5, D, E.) 

2 ^^-Dichlorophenoxy acetic acid (/%). — Re- 
sults similar to applications of 4-chlorophenoxy- 
acetic acid. Tumors flatter; more root pri- 
mordia, about 2 mm. below cut surface. Centers 
of tumors dead. Lateral shoots more deformed 
than with 4-chlorophenoxyacetic acid, often 
thickened and incurved like crab claws. This 
effect is much more pronounced than that fol- 




KRAUS c% MITCHELL-HERBICIDES 


lowing application of any other chlorophenox}*’- 
acetic acid compound. Some shoots are nearly 
normal if tumor is small, but many show some 
of the upper leaves with mosaic-like symptoms, 
the green areas greener than normal. This com- 
pound translocated for the longest distances of 
any tried and apparently is most toxic of any ap- 
plied. (Fig. 2 A.) 

24^5~, T ricMorophenoxyac^^^^^^ acid ( /%) 

Growth responses similar to the two former 
chlorophenoxyacetic acid compounds, but tu- 


0 

mors larger and flatter, flanged, the flanges with 
roots. Center of tumors dead. There are some 
root primordia on the stem above primary 
leaves, but tumor is distinctive. Some axillary 
shoots appear nearly normal and have a few 
flower buds; some have strong mosaic-like ap- 
pearance; a few with crab claws at tips of shoots. 

. Apparently translocated less distance and has 
less destructive action than 4-chloropheiioxy- 
acetic acid or 2,4-dichlorophenoxvacetic acid. 
(Fig. 2C.) 



2.— Response of Red Kidney beans to terminal applications of i% mixtures of three different chloro- 
trichlnmX^^^ acids in lanohn . 4 , 2,4-dichlorophenoxyaceticacid; B, 4-chlorophenoxyacetic acid; C, 2,4,5- 
trichloropheno^acetic aad, showing large flanged tumors; D, 4-chlorophenoxyacetic acid; E, closer viet 

Anrii o ToX IS referred to in text as effects resembling “mosaic-like symptoms.” Treated 

April 9 , 1943, photographed. April 26, 1943, r 
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. , ■ : Trial C ' 

A third set of mixtures was applied in 
the greenhouses at Beltsville. As, in the 
other trials, the beans were thinned to 
two per pot. The plants were more vigor- 
ous and larger than in either of the other 
two trials. The trifoliate leaves were just 
spreading out; on a few plants they still 
were not folded down. The weather was 
warmer, and there was more sun than for 
previous lots of plants. Fewer of the 
plants were slender. The decapitation 
method was used, and lanolin mixtures at 
the concentrations indicated were ap- 
plied to the cut surfaces on May ii, 
1943. The following notes were made on 
May 26, 1943, 

(/.5%).”Ver^ slight 
response; no killing; large axillary shoots ap- 
parently not injured — many with large buds 
and few flowers. About like lanolin-treated 
controls. 

Benzothiazyl thiogly colic (icid 
little response, more than to foregoing but not 
so much as made by some of controls, which 
have large phloem galls. Shoots not injured; 
buds and some dowers about as in controls. 

^•Naphthoxy a-propionic acid 
Extremely large, knobby tumors dead at cen- 
ter, flanged, and with many root primordia. A 
few plants grew very little. Not much apparent 
effect below tumors. Shoots large, similar to 
controls. A few petioles and blades of the pri- 
mary leaves have tumors with roots. Transloca- 
tion questionable; tumors on leaves possibly 
resulted from contact with tip of stem while 
being treated. 

orNaphthyl methyl acetate — Extreme- 

ly large tumors, biggest of any in this experi- 
ment. They resemble those resulting from ap- 
plication of /9-naphthoxy a-propionic acid as 
indicated above but are larger, less tubercu- 
lated, and with fewer roots. Some flanges on 
stem below tumor; a few root primordia f inch 
from treated surface. Axillary shoots dwarfed 
somewhat (often only one large one), shorter 
than controls. Plants smaller but about same 
stage of bloom as controls. 

Phenazine — Little or no tumor re- 

sponse, but tissues apparently killed near sur- 
face. No tumors, as is true for controls. Axillary 


shoots about same as those of controls. Flower 
buds and few flowers present. 

Of the same lot of plants as those used 
for the terminal applications to decapi- 
tated internodes, some were thinned to 
two plants per pot and arranged in rows 
on the greenhouse benches. A thin thread 
of lanolin-growth-substance mixture was 
wound around the second internode just 
below the trifoliate leaf. The same mix- 
tures and concentrations as were used in 
making the terminal applications were 
employed. Growth substances were ap- 
plied on May II, and notes were taken 
on May 25, 1943. 

N-{Mmphthyl)-glycim yel- 

lowed, some showing swelling although scarce- 
ly visible. No apparent injury or stimulation. 

Benzothiazyl thio glycolic acid (/.5%). — Ap- 
parently no response other than yellowing of 
stems at point of application and slight spindle- 
like swelling. Plants resemble controls in all 
respects. 

^-Naphthoxy a-propionic acid (/.5%).— 
Many large spindle-shaped tumors, |~i inch 
long, flanged with many root primordia. Some . 
tips died soon after treatment. Such plants are 
sometimes dead to the primary leaves. Often 
they have big terminal tumors resembling those 
following terminal applications, but with dead 
stem tip at center. Slight dwarfing effect; other- 
wise like controls. 

a-Naphthyl methyl acetate (/.5%)*“~Very 
great response, long spindle-shaped tuihors, 
sometimes nearly full length of an internode. 
Larger portion of tumor is below line of treat- 
ment than above it. Some terminals dead, 
others vigorous, especially if only small tumor is 
present. Tumors rough, flanged, many root 
primordia and rather spongy. Little effect on 
the primary leaves (many are shed) or on por- 
tion of plant below them. If big tumor is present 
and stem tip is dead, strong axillary shoots are 
present similar to controls. Response somewhat 
resembles that to naphthaieneacetic acid except 
it is greater, 

Phenazine (/.5%). — No visible effect. 

^-Chlorophenoxyacetic acid ( 1 %) , — ^Very large 
long galls, sometimes extending below primary 
leaves. Tips of stems frequently killed or much 
swollen, resembling small potatoes above tri- 
foliate leaf which often shows effects resem- 
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bling symptoms of mosaic. Axillary shoots much 

as in terminal treatment except that mosaic- 
like appearance is more pronounced and leaves 
are curled, especially smaller leaves, which often 
are yellow. 

2y^^^-Trichloroph€mxyacetic acid (/%). — 
Very similar to responses to 4-chlorophenoxy- 
acetic acid except more pronounced; effects 
show far greater distance down the stem. These 
effects seem greater than following terminal 
application of mixture. Some shoots have flower 
buds and flowers. Leaves are large as in controls; 
green areas of leaves which show mosaic-like 
symptoms seem darker. Some of the “unaf- 
fected” leaves also appear darker than those of 
controls. Whole plant is more bushy than con- 
trols. 

2 ^4~Dichlorophenoxy acetic add (/%). — In 
nearly every respect similar to responses fol- 
lowing application of 2,4,5-trichlorophenoxy- 
acetic acid, but plants seem more branched and 
bushy. They are much dwarfed compared with 
controls. Some have died completely, starting 
from the tops down. Earlier they showed root 
primordia and swelling below primary leaves. 
On some nearly dead plants, a leaf or two still 
appears fairly green or partiall}^ yellow. Some 
plants have many small shoots at cotyledonary 
These shoots have many leaves and 
clusters of buds. Most of the live plants are 
twiggy in appearance; others have large green 
shoots. Responses very variable. This may be 
the result of the degree of contact made in ap- 
plication, or owing to individual response of 
plant treated. 

Controls {May 26, 1943)* — Plants which had 
been decapitated are now 16-20 inches tall. 
Many of them have flower buds, flowers, and 
young fruits. Many of the shoots in the axils of 
primary leaves are as large as is the main axis 
below them. The primary leaves of many plants 
are yellowed or abscised. Plants which were 
treated laterally with lanolin only are generally 
similar to plants treated terminally with lanolin 
only, except that they are somewhat taller. 

Trial D 

During the period in which some of 
the foregoing experiments were in prog- 
ress at Beltsville an experiment dealing 
with the spraying of rice was begun and 
carried out at the University of Chicago, 
Two varieties of rice, Blue Rose and 


Fortuna, were grown in large concrete 
tanks in a greenhouse. On May 14, 1943, 
the plants were about 12-14 inches tall, 
vigorous, but not yet showing heads. The 
water in the tanks was generally main- 
tained i|-2 inches in depth and de- 
veloped a very slight surface scum. Three 
of the tanks were 84X36 inches; the 
fourth was 76X36 inches. The water 
level in the tanks was about | inch deep 
when they were sprayed. One tank was 
sprayed with 100 mg. of 4-chlorophe- 
noxyacetic acid, another with the same 
quantity of 2 ,4-dichlorophenoxyace tic 
acid, and a third with the same quantity 
of 2,4,5-trichlorophenoxyacetic acid. Be- 
fore application each compound was first 
mixed with 5 gm. of melted lanolin and 
then made up to icx> cc. as an emulsion 
with a 5% solution of laundry soap. 

These emulsions were prepared by dis- 
solving the required amount of growth- 
regulator in melted lanolin and then 
pouring this melted mixture into the hot 
soap solution while being stirred vigor- 
ously in a Waring blendor. When well 
mixed, the emulsion was diluted to any 
desired volume. Because of the alkalinity 
of the soap used in preparing the emul- 
sion, it is probable that salts of the sev- 
eral acids were formed. The diluted 
emulsion was then sprinkled over the sur- 
face of the water in the respective tanks. 
The emulsion spread slowly over the 
water, which became turbid. It was then 
stirred slightly with a stick to secure uni- 
form spread of the emulsion over the sur- 
face and throughout the water. The ma- 
terial tended slightly to collect around 
the stems of the plants, forming a thin 
film on their surface, | inch or more 
above the water level. 

On May 16, 1943, it was noted that 
there was not much change in appear- 
ance of the treated plants except that all 
showed more yellowing of the tips of the 
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leaves than did the controls. No bending 
or other changes were observed except 
that the sheathing leaves at the base of 
the plants appeared slightly water- 
soaked somewhat higher above the water 
level than did those of the controls. 
These basal sheaths were dead and black 
in all plants. There was some apparent 
injury, but it was not nearly so pro- 
nounced as is usually shown by beans 
after the same length of time. 

The next opportunity to make obser- 
vations on these plants was on June 25, 
1943. The unsprayed rice was green, and 
many of the plants showed the be- 
ginnings of heads or heads partially 
emerged. In the tank sprayed with 4- 
chlorophenoxyacetic acid emulsion, most 
of the rice plants had the leaves dead 
near the surface of the water. Some 
plants were fairly green but none had 
heads. Many were dead. Nearly all the 
plants sprayed with the 2,4,5-trichloro- 
phenoxyacetic acid emulsion were dead 
and dried up except those near the cor- 
ners of the tank. The appearance of the 
plants sprayed with the 2,4-dichloro- 
phenoxyacetic emulsion was about the 
same as of those sprayed with 2,4,5-tri- 
chlorophenoxyacetic acid emulsion. This 
tank was in the northwest corner of the 
greenhouse and deeper than the others. 
The water in it might have been deeper 
when sprayed, and there was more dis- 
tance from the water level to the top of 
the tank. 2,4-Dichlorophenoxyacetic acid 
was about as potent as 2,4,5-trichloro- 
phenoxyacetic acid emulsion, but its ap- 
plication resulted in the killing of more 
plants than 4-chlorophenoxyacetic acid 
emulsion. 

Trial E 

Another trial was begun to test fur- 
ther the relative toxicity of certain sub- 
stances and especially the degree to 


which they or their effects were translo- 
cated within the plant to which they had 
been applied. Red Kidney bean plants 
were used in the greenhouses at the Uni- 
versity of Chicago. On September 26, 
1943, when the substances were applied, 
the plants were vigorous but somewhat 
spindling because of the prevailing low 
light intensity. On most of the plants 
the first trifoliate leaves were expanding. 
On the others this leaf was fairly well ex- 
panded, and the internode above it was 
2~3 inches long and rather slender. The 
plants were grown in pots of soil, two to 
each pot, and were spread out in rows on 
greenhouse benches. Each of the growth- 
regulating substances was dissolved in, 
or thoroughly mixed with, melted lano- 
lin and applied at a 1.5% concentration. 
Applications were made in various ways: 
the usual terminal application after de- 
capitation, thin bands applied laterally 
to uninjured stems, or in other ways as 
specifically indicated in each test. The 
appended notes were taken on October 8, 
1943 - 

The chlorophenoxyacetic acid com- 
pounds used in this experiment were pre- 
pared by Dr. E. D. Witman, Ohio State 
University Research Foundation. Some 
of the other compounds used are of the 
same lot of materials mentioned in previ- 
ous trials. 

4-Chlorophefioxy acetic acid.' — Terminal. Large 
tumors, many extending to soil line. Some 
plants have no lateral shoots; if present, these 
are small, deformed, and show mosaic-like 
symptoms. Some plants are dead and yellow. 

Same. — ^Lateral. Long tumors; some termi- 
nating at node, others extend nearly to soil. 
Trifoliate leaves much distorted; tips of stems 
above leaves often thick, swollen, and yellow; 
some of them dead. Some whole plants dead 
with leaves yellow but not so many as in termi- 
nal treatment. 

2,4-Dichlorophenoxyacetic acid. — Terminal. 
Very long, large tumors. Many plants killed, 
including roots; many show mosaic-like appear- 
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aiice of lateral shoots similar to 4-chlorophe- 
noxyacetic acid but more intense. Many roots 
on stems. Some plants very much thickened, 
yellow, dead or dying. 

Same. — ^Lateral. Similar to terminal treat- 
ment. More plants dead. Tips of most plants 
above ring of treatment . dead; some much 
curled, twisted, or tuber-like. Many tumors ex- 
tend to soil surface; plants curled over. Stronger 
killing action than 4-chlorophenoxy acetic acid. 

2,4,j-Trichlorophenoxyacetic acid. — ^Termi- 
nal. Very similar to 2,4-dichiorophenoxyacetic 
acid in all respects except that effects are less 
pronounced. 

Same. — ^Lateral. Effects very similar to those 
of 2,4-dichlorophenoxyacetic acid applied later- 
ally. Some plants seem to be more injured, 
others less so. Effects do not seem to extend so 
far throughout plant as in case of 2,4-dichloro- 
phenoxyacetic acid. 

2, 4^6-Trichlorophenoxy acetic acid. — Terminal. 
Almost no tumor formed. Yellowing near point 
of application. Very slight growth at surface. 

Same. — ^Lateral. Virtually no response. Very 
different from 2,4-dichlorophenoxyacetic or 

2,4,s-trichlorophenoxyacetic acid. (Note. — ^Re- 
peat using new preparation or mixture.) 

^-Naphthoxy a-propionic acid. — ^Terminal. 
Terminal tumors similar to those in previous 
experiments performed at Beltsville but not so 
large or extensive. Effects more localized. May 
be that plants are less active now; they are 
more spindling. 

Same. — ^Lateral. Small spindle-like tumors 
very similar to those produced when naphtha- 
leneacetic acid was applied, but somewhat more 
rough. Effects localized. Tops above treatment 
somewhat dwarfed, but no effects comparable in 
degree with chlorophenoxyacetic acid com- 
pounds. 

a-Naphthyl fnethyl aceiaie.-r-Termmsl. Me- 
dium-sized, spreading tumors recurved at edges; 
smaller than at Beltsville in spring, more 
localized, much less injury. Axillary shoots 
darge. , „ 

Same. — ^Lateral. Similar to tumors produced 
by application of j 5 -naplithoxy a-propionic acid 
but smaller and more localized. Not much in- 
jured, but plants are smaller than controls. Re- 
sembles effects of naphthaleneacetic acid, but 
tumors are somewhat smaller. 

2 y4-Dichlorophenoxy acetic aad.— Not decapi- 
tated. Applied as small pellet on vein at middle 
of primary leaf. Vein enlarged; yellow spot only 
on leaf, but effect very marked on axillary 


shoots and tips of plant which are either 
mosaic-like or thickened and swollen. Trifoliate 
leaves often curled, dwarfed, mosaic-like. 
Petioles of primary leaves show almost no 
swelling. Some leaves dead. Effects showm by 
axillar)!' shoots are as great as when substance 
is applied terminali}^ 

2,4^yTrichlorophen6xyacetic ucfcf.— -Method 
of application same as above. Effects similar 
to those from 2,4-dichlorophenoxyacetic acid 
but average slightly less. Effects of conduction 
for long distances very marked. More mosaic- 
like in appearance with less swelling of tips of 
stems and young leaves than in case of 2,4- 
dichlorophenoxyacetic acid. (Note. — Repeat on 
younger and older plants.) 

2^4^6-Tricklorophenoxyacetic utfd.— -Method 
of treatment same as for 2,4-dichlorophenoxy- 
acetic acid above. Apparently no effect except 
small yellow spot. (Note. — See terminal and 
lateral applications. Repeat using new mixture.) 

2^4-Dichlorophemxyacetic acid. — Applied to 
tip of middle leaflet of partially expanded first 
trifoliate leaf above long, slender second inter- 
node. Leaflet sometimes killed. Much less effec- 
tive than when applied on vein, but tip of stem 
above treated leaf often tuberous, sometimes 
dead. Other two leaflets of leaf often deformed. 
Sometimes no effect if tip of treated leaflet has 
died. Very little effect shown by axillary shoots. 

2 ,4,y-Trichlorophemxyacetic acid. — Applied 
as in 2,4-dichlorophenoxyacetic acid treatment. 
Effects similar to 2,4-dichlorophenoxyacetic 
acid. Tips of more leaflets killed; such plants 
often show no injur3rto tip of stem. Apparently 
less conduction following this method of ap- 
plication than when substance is applied on 
vein. Some leaves appear greener than those of 
controls. 

2,4,6-Trichlorophenoxyacetic acid. — Method 
of treatment same. Plants are at east end of 
greenhouse and received more light. These 
plants are somewhat taller and more advanced 
than the others. No resultant effects after treat- 
ment except some tips of leaflets are yellow and 
a few dwarfed. Some of the primary leaves are 
yellow and have fallen. Plants resemble controls 
in all respects. 

Indoleacetic acid. — Terminal. Tumors similar 
to those usually produced following application 
of this compound but are somewhat smaller 
than in some previous experiments. 

a-Naphthaleneacefic acid. — Terminal. Re- 
sponses similar to those usually following treat- 
ment with this compound, but tumors some- 
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what smaller and with fewer root primordia. 
Some tumors have died; in such cases the stem 
is dead to the primary leaves. Large axillary 
shoots. 

Lateral. Similar to previous com- 
parable experiments, except tumors are shorter 
and with not many tubercles or flanges. Tbps 
above region of application dwarfed but not 
killed; few root primordia. 

Same.— On midvein of primary leaf. Yellow 
spot on some leaves; others have raised area at 
point of application. Some leaves have medium- 
sized tumor with root primordia. Vein some- 
times yellow. Leaf shows slight injury but may 
be strongly curled. Not much effect on axillary 
shoot. None of treated leaves abscised. They 
are greener in color than controls. 

Controls (lanolin only ). — Not decapitated. 
Many are vinelike, 24 inches tall, slender, with 
flower buds or flowers. More slender than plants 
which received more sunshine. Primary leaves 
yellowing, some fallen, others green. Plants at 
east end of greenhouse are larger than those 
near door at west end. Some of them with one 
or two flowers and some buds. 

Same. — ^Decapitated. Large axillary shoots, 
a few with flower buds. Most of decapitated 
internodes shriveled to near primary leaves; 
a few have phloem tumors at their tips. Most of 
axillary shoots are not vinelike except some 
which are near door. These latter do not have 
so many buds as at east end of greenhouse 
where plants are more bushy. 

Note. — ^Repeat experiments using chloro- 
i phenoxyacetic compounds. These are by far 

i the most promising as herbicides and are con- 

p ducted long distances in plants; other com- 

I/' pounds result in more localized response. Try 

further emulsion sprays on leaves. 

The lack of response to applications of 
- 2,4,6-trichlorophenoxyacetiG acid seemed 

surprising when compared with the other 
chlorophenoxyacetic acid compounds, 
but similar results were obtained with re- 
peated trials. Zimmerman and Hitch- 
cock (20) have also reported like results. 

Trial F 

In January, 1944, another set of ex- 
periments was initiated at the Univer- 
sity of Chicago.^ Their immediate pur- 
pose was to determine, first, the most 


active of the compounds already tested 
and, second, to ascertain their effective- 
ness in decreasing the over-all growth 
and productivity of several types of 
plants when applied in relatively small 
amounts. 

Barley, oats, corn, wheat, kidney 
bean, buckwheat, radish, rape, red 
clover, and sugar-beet plants were grown 
from seed in soil contained in flats which 
measurecl approximately 15X24 inches. 
In addition, two varieties of rice (Blue 
Rose and For tuna) were grown in con- 
crete tanks measuring approximately 
36X72 inches and filled with soil to a 
depth of 6 inches. Seeds of the different 
plants were sown during January and 
early February, In the case of sugar beet 
and kidney bean two successive plant- 
ings were made so as to obtain plants of 
different ages. One sowing was made on 
January 16, 1944; the other, on Febru- 
ary 3, 1944. The bean plants referred to 
as “old” in the photographs were sown 
on the former date; those as “young,” on 
the latter. After the rice had germinated, 
a sufficient quantity of water was added 
to each tank to cover the soil to a depth 
of approximately 2 inches. 

The plants were grown for a period of 
from 2 to 6 weeks before treatment, dur- 
ing which time relatively cloudy weather 
prevailed. At the time of treatment all 
pl^fents, except early plantings of beets 
and beans, were yet immature and rela- 
tively succulent. 

The growth-regulating compounds 
used included the most active of those 
known at the time these experiments 
were initiated, namely: 

2,4-Dichlorophenoxyacetic acid 

Penta-chlorophenoxyacetic acid 

® Dr. Charles L. Hamner, at the time Assistant 
Plant Physiologist in the Bureau of Plant Indus- 
try, Soils and Agricultural Engineering, assisted in 
the application of^ome of the compounds in this 
experiment and understood its objectives. 
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2-Cliloropheiioxyacetic acid 
4-Chloroplienoxyacetic acid 

2.4.5- Trichlorophenoxyacetic acid 

2.3.5- TriiodGbenzoic acid 
a-Naphthaleneacetic acid 
a-Naplithyl meth3d acetate 

Data as to methods of treatment are 
given in table i , The numbers used there 
are the same as those given in some of the 
data presented here and as shown on the 


lar soap solution. Since the soap was 
strongly alkaline, it is probable that 
salts of the various growth substances 
were formed in the emulsions. This fact, 
and also the fact that there was little 
sunshine during the period of growth of 
the plants previous to treatment and for 
more than 10 days after treatment, may 
have resulted in less response on the part 
of some of the plants than might have 


•■TiVBLE.l; ' 

Growth SUBSTANCES used, method of application, and 
CONCENTRATIONS USED, February 29, 1944 


Trial number and substance used 


Method of application 


Concentration 


1. 2,4-Dichloroplienoxyacetic acid. . . 

2. 4"Chiorophenoxyacetic acid. . . . . . 

3. Penta-chloroplienoxyacetic acid . . 

4. a-Naphthaleneacetic acid. ....... 

5. 2,3,s>Tmodobenzoic acid 

6. 2, 4-Dichlorophenoxy acetic acid. . . 

7., 4-Chlorophenoxyacetic acid 

8. 2-Chlorophenoxyacetic acid 

9. 2,4,5-Trichlorophenoxyacetic acid 

10. 2, 4-Dichlorophenoxy acetic acid. . . 

11. 2, 4-Dichlorophenoxy acetic acid. . . 


Aerosol 

Aerosol 

Aerosol 

Lanolin emulsion 
Lanolin emulsion 
Lanolin emulsion 
Lanolin emulsion 
Lanolin emulsion 
Lanolin emulsion 
Oil emulsion S.A.E. 40 
Oil emulsion S.A.E. 10 


% in oil 
% in oil 
;6% in oil 
', 0-5%, o. 
hO.5%,0. 
., 0.5%, o. 
1,0.5%, o. 
I, 0.5%, o. 


25%rO.I3% 

25%,. 0.13%' 
25%, 0.13% 
2 S%I, 0.13% 

25%, 0.13% 
25%, 0.13% 

25%, 0.13% 
25%, 0.13% 


1. a-Naphthaleneacetic acid. ..... 

2. a-NaphthaleneacetiG acid. ..... 

3. a-Naphthyl methyl acetate. . . . 

4. a-Naphthyl methyl acetate. . . . 
5* Penta-chlorophenoxyacetic acid 

6. Penta-chlorophenoxyacetic acid 

7. 2,4"Dichlorophenoxyacetic acid, 
k 2,4-DichIorophenoxyacetic acid. 


Dust 

Dust 

Dust 

Dust 

Dust 

Dust 

Dust 

Dust 


I part to 500 talc 
I part to 5000 talc 
I part to 500 talc 
I part to 5000 talc 
I part to 500 talc 
I part to 5000 talc 
I part to 500 talc 
I part to 5000 talc 


small labels in the photographs (figs. .3“ 
34). These labels also indicate the con- 
centration of the growth-regulator used 
in each instance. All photographs were 
taken TO days after treatment. 

The 1% lanolin emulsions were pre- 
pared as follows. One gram of growth 
substance dissolved in 5 ml. of ethyl 
alcohol was added to 10 gm. of melted 
lanolin. This mixture was then poured 
into 100 ml. of hot 5% solution of laun- 
dry soap and thoroughly mixed in a 
Waring blendor. For the lower concen- 
trations dilutions were made with a simi- 


been true in sunny weather. The emul- 
sions were applied to the plants by 
means of hand sprayers at the rate of 
approximately 25 ml. per fiat of plants 
(surface area approximately 2.5 sq. 
ft).; 

Light- and heav>"-oil emulsions were 
prepared in a manner similar to the lano- 
lin emulsions except that 40 ml. (ap- 
proximately 10 gm.) of Valvoline motor 
oil (S.A.E. 40 or S.A.E, 10) were sub- 
stituted for the lanolin. The oil emulsions 
were applied in a manner similar to the 
lanolin emulsions. 







Fig. 3.— Blue Rose rice. Above, untreated plants 38 days after emergence. Below, comparable plants 10 
days after spraying with an oil (S.A.E. 40) emulsion containing 1% of 2,4-dichlorophenoxyacetic acid, at 
the rate of 10 ml. /sq. in. of water surface. Tank 36X72 inches. Water in tank i inch deep at time of 
spraying. 



Fig. 4 - Barley 44 days old when treated. Top, untreated. Center, treated with aerosol containing 
2,4-dichlorophenoxyacetic acid {left) and with 1% lanolin emulsion of the acid (right). Bottom, treated with 
1% lanolin emulsions of 4-chlorophenoxyacetic acid (/e/<) and 2,4,5-trichlorophenoxyacetic acid {righl). 



Fro. S^'—Top, wheat 44 days old when treated. Left, untreated, treated with aerosol containing 
2,4-dichlorophenoxyacetic acid. Bottom, oat plants 44 days old when treated. Left, untreated. Right, sprayed 
with lanolin emulsion containing 2,4,s-trichIorophenoxyacetic acid. 






Fre. 6.— Com plants sprayed with aerosol containing 2,4-<iichlorophenoxvacetic acid i/n* Mt\ ..-ift. 











nf containing i% («o^,Ze//) and 0.13% (top HM 

of 2,4-dichlorophenoxyacetic acid and 1% {bottom, left) and 0.13% {bottom, right) of 2,4.S-trichlory;noV- 


acetic acid. 
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Fig. II. — Buckwheat plants sprayed with lanolin emulsions {top) containing i% (left) and 0.13% (ngZ/O 
4-chlorophenoxyacetic acid and with similar concentrations of 2,4,s-trichlorophenoxyacetic acid (bottom). 









, . untreated. &«ier, sprayed with aerosol containins 

2,4-dichlorophenoxyacetic aad. BoUom, sprayed with aerosol containing 4-chlorophenoxyacetic acid. ^ 









Fig. 14. Rape plants 44 days old when treated. To^, untreated. Bottom, sprayed with lanolin emulsions 
containing i% {left) and 0.13% {right) of triiodobenzoic acid. 


3% {^ight) of triiodobenzoic acid, 
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^ Fig. 17- Radish plants 44 days old when treated. Top^ untreated. Bottom^ sprayed with an aerosol con- 
taining 2,4-dichiorophenoxyacetic acid (/e/0 and 4-chlorophenoxyacetic acid (right). 




I 
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Fig. 20. — Bean plants. Top, sprayed 26 days after planting with an aerosol containing 1.26% of penta- 
chlorophenoxyacetic acid. Bottom, treated in similar way 44 days after planting. Photographs taken 10 
days after treatment. Compare with fig. 19. 
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. 22. — Bean plants sprayed 26 days after planting with lanolin emulsions containing 1% {top) and 
of 2 j 4 -dichlorophenoxyacetic acid. 





Fig. 24. — Bean plants sprayed 26 days after planting with lanolin emulsions containing 1% {top) and 
0-13% of 2-chlorophenoxyacetic acid. 
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Fig. 26. Bean plants 44 days old when treated. sprayed with aerosol containing 2,4-dLchlorophe- 
noxyacetic acid. Bottom, unsprayed. Photographed 10 days after treatment. Lower plants are referred to as 
old” controls. 
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Fig. 27. — Bean plants sprayed 44 days after planting with aerosol containing 4-chlorophenoxyacetic 
acid and penta-chlorophenoxyacetic acid (bottom). 
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o 44 days after planting with lanoUn emulsions containing i% {top) 

°-i37o {bottom) of 2,3,s-triiodobenzoic acid. e /o 
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Fig. 29. — Bean plants sprayed 44 days after planting with lanolin emulsions containing 1% {top) and 
0.13% {bottom) of 2,4-ciichlorophenoxyacetic.acid. Compare with fig. 22. 





r 



Rg. 30. Bean plants sprayed 44 days after planting with lanolin emulsions containing i% [top) and 
<^•^ 3 % {bottom) of 2,4,5-trichlorophenoxyaceticacid. Compare with fig. 25. 
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^G. 32. Bean plants sprayed 44 days after planting with light-oil emulsions containing 1% {tof) and 
0-25% of 2, 4 -dichlorophenoxyacetic acid. Compare with fig. 31. 





' Fig. 33. — Bean plants dusted 44 days after planting with talc containing a-naphthyl methyl acetate 
{top) and penta-chlorophenoxyacetic acid (bottom). Ont part of growth-regulator to 500 parts talc. 
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iiG. 34.— Bean plants 44 days old when treated. Top, sprayed with lanolin 
4-chlorophenoxyacetic acid. Bottom, dusted with talc containing i part 
acid to 500 parts of talc. Photographed lo days after treatment. Some of € 
later tollowmg treatment with dusts are discussed in text 
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2,4-Dichlorophenoxyacetic acid, 4“ 
chlorophenoxyacetic acid, and penta- 
cMorophenoxyacetic acid were dispersed 
individually as aerosols in which the 
growth-regulating substances were car- 
ried in motor oil (S.A.E. 40). In produc- 
ing an aerosol, 6.3 gm. of 2,4-dichloro- 
phenoxyacetic acid were added to 50 ml. 
(approximately 50 gm.) of oil, and this 
mixture was dissolved in 150 gm. of di- 
methyl ether. The 4-chlorophenoxy- 
acetic acid mixture was prepared by 
adding 3.15 gm. of the acid to 50 gm. of 
oil and dissolving this mixture in 150 gm. 
of dimethyl ether. To produce the third 
aerosol, 630 mg. of penta-chlorophenoxy- 
acetic acid were added to 50 ml. of oil, 
and this mixture was dissolved in 1 50 gm. 
of ether. These mixtures were contained 
in small individual metal cylinders. In 
applying the aerosols, the cylinders were 
held approximately 2 feet above the 
uppermost leaves and directed down- 
ward so that the mist covered the entire 
flat of plants. Each flat was sprayed for a 
period of from 4 to 8 seconds. 

Dusts were prepared that contained 
separately, a-naphthaleneacetic acid, a- 
naphthyl methyl acetate, pen ta-chloro- 
phenoxyacetic acid, and 2, 4-di chloro- 
phenoxyacetic acid. Two concentrations 
of these agents were used, i part to 500 
dust and i part to 5000 dust. In prepar- 
ing a dust, the growth-regulating sub- 
stance was first dissolved in alcohol. This 
solution was thoroughly mixed with the 
required amount of talc, and finally the 
paste was dried and repulverized, leav- 
ing the agent evenly distributed through- 
out the talc. The dust was applied to the 
above-ground portions of the plants by 
placing it in a cheesecloth bag and shak- 
ing the dust through the cloth onto the 
plants. 

All treatments were applied on Febru- 
ary 29, 1944. On the tenth day follow- 


ing treatment the photographic records 
were made. The plants which survived 
treatment were grown under greenhouse 
conditions for a period of from i to 2I 
months, during which time records as to 
their growth and fruitfulness were made. 
Some of these records are presented indi- 
vidually near the end of this paper; 
others are in the general summary of re- 
sults given here. 

Results oe trial F 

Toxicity. — 2,4-DichlorophenoxyaGetic 
acid killed beet, rape, buckwheat, radish, 
clover, and young and relatively mature 
beans within 10 days when applied at a 
concentration of 1% in lanolin emulsion 
spray. Lower concentrations (0.5, 0.25, 
and 0.13%) of the acid in lanolin emul- 
sions greatly retarded the growth of 
these plants but did not kill all of them. 
Both heavy- and light-oil emulsions con- 
taining i.o and 0.5% of this acid killed 
bean and beet seedlings, while the 0. 25 and 
0.13% concentrations greatly retarded 
growth but did not kill all the plants. Oil 
containing the acid and dispersed as an 
aerosol killed seedling buckwheat, bean, 
rape, beet, clover, and relatively mixture 
beans and greatly inhibited the growth of 
radish seedlings. 2,4-Dichlorophenoxy- 
acetic acid was equally toxic when ap- 
plied either to the more mature or to the 
younger beet plants. Applied in concen- 
trations of 1% in a light-oil emulsion 
spray, the acid killed rice of the varieties 
Blue Rose and Fortuna. 

2 ,4, 5-Trichlorophenoxyacetic acid 

killed seedling beet, clover, and the 
young bean plants within 10-15 days 
after treatment and greatly inhibited the 
growth of radish, rape, buckwheat, bar- 
ley, and relatively mature bean plants 
when applied at a concentration of i.o 
and 0.5% in lanolin emulsion. An emul- 
sion containing 0.13% of the acid in- 
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hibited the growth of rape, buckwheat, about some plant-growth responses (epi- 
and bean plants. nasty and stem bending) but failed to 

4-Chlorophenoxyacetic acid killed inhibit to an appreciable amount the 
clover and seedling bean plants within growth of most plants tested. 

10-15 days after treatment when applied Talc containing either 2,4-dichioro- 

at a concentration of i% in lanolin emul- phenoxyacetic acid, penta-chlorophe- 

sion and clover plants when applied at a noxyacetic acid, a-naphthyl methyl ace- 

concentration of 0.13% in lanolin em^l- tate, or a-naphthaleneacetic acid was not 

sion. In a concentration of 1% in lanolin effective in producing toxicity symptoms 

emulsion it greatly retarded the growth in beet, bean, or barley. 

of seedling rape, beet, radish, buck- The growth of corn and wheat was 

wheat, and the more mature bean plants not noticeably affected by the applica- 

and caused appreciable injury to barley, tion of the various substances used in 

The acid effectively retarded the growth these experiments. The growth of oats 

of young bean plants when applied at a was retarded slightly, and of barley ap- * 

concentration of 0.13% in lanolin emul- preciably so, by the application of 2,4,5- 

sion. Dispersed as an aerosol, it killed trichlorophenoxyacetic acid at a concen- 

most clover plants so treated. tration of 1% in lanolin emulsion. Lower 

2,3,5-Triiodobenzoic acid noticeably concentrations of the acid applied in the * ^ 

retarded the growth of rape and young same way had little apparent effect. In 

and more mature bean plants when ap- general, cereals proved to be relatively 

plied at a concentration of 1% in lanolin insensitive to the various growth-regu- 

emulsion. A 0.13% concentration of the lating substances in the manner used, 

acid, applied in lanolin emulsion, resulted Rice, however, was killed by the applica- 

in slight inhibition of the expansion of tion of 2,4-dichlorophenoxyacetic acid 

the trifoliate leaves of beans. Although emulsion to the plants and to the water 5 ' 

this compound brought about very over the soil in which they were growing. i 

marked growth responses, particularly of Growth responses. — Aside from ^ . 

the leaves, it failed to kill the different toxic effects, various types of growth re- 
kinds of plants to which it was applied, sponses resulted from the application of 

After a period of time many of the plants certain of the substances used. Some of 

treated with this compound not only re- these responses are of significance here, ; 

covered and bore fruit but remained since they altered the growth of the 

vigorous for a considerable period after plants in such a way as to reduce greatly 

untreated controls of the same age had the amount of fruit produced or to ex- 

matured and died. Some of these results tend the amount of time required for the 


are recorded below. 

Penta-chlorophenoxyacetic acid was 
applied in oil as an aerosol. It killed the 
majority of seedling clover plants so 
treated and injured some of the leaves of 
young corn plants, but it failed to retard 
their growth an appreciable amount. Ap- 
plied in talc, it did not affect the growth 
of bean, beet, or barley plants. 

2-Chlorophenoxyacetic acid brought 


plant to come to the fruiting stage. 

Application of 2,4-dichlorophenoxy- 
acetic acid, at a concentration of from 
0.13 to 1.0% in lanolin emulsion, resulted 
in epinastic responses and stem curva- 
tures within a period of 2 or 3 days fol- 
lowing treatment. Growth of the termi- 
nal buds of the various dicotyledonous 
plants tested was greatly inhibited, es-. 
pecially when the acid was applied in 
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concentrations of 0.25% or more. Tu- 
mors developed in the stem tissues, and, 
as a result, the over-all growth of the 
plants was greatly reduced, as was the 
number of fruits w^hich developed. With 
the exception of slight stem curvatures, 
no apparent growth response or form 
changes resulted when 2,4-dichlorophe- 
noxyacetic acid was applied to the foliage 
of the cereals except as already noted for 
rice and possibly barley. 

2,4,5-Trichlorophenoxyacetic acid al- 
so brought about very marked form 
changes when applied to the dicotyledon- 
ous plants as lanolin-emulsion or oil- 
emulsion sprays. These were similar in 
out'ward appearance to those described in 
connection with the use of 2,4-dichl6ro- 
’ phenoxyacetic acid. The application of 
2,4,5-trichlorophenoxyacetic acid to the 
cereals failed to bring about any sig- 
nificant changes of form except as noted 
for oats and barley. 

When applied to the dicotyledonous 
plants, 4-chlorophenoxyacetic acid in- 
hibited the growth of terminal buds to a 
very marked extent. The growth re- 
sponses observed were similar in appear- 
ance and effect to those reported in con- 
nection with the use of 2,4-dichloro- 
phenoxyacetic acid. The application of 
low concentrations (0.13-0.25%) of the 
acid to seedling clover plants resulted 
eventually in the development of leaves 
which had from three to nine leaflets and 
in the formation of numerous roots which 
emerged from the hypocotyls. Later the 
clover plants recovered completely and 
grew normally. 

The application of 2,3,5-triiodoben- 
zoic acid to the dicotyledonous plants re- 
sulted in the inhibition of internodal 
elongation and in modification of growth 
of the leaves in the terminal buds. The 
growth of lateral buds was affected in a 
similar . way when emulsions containing 


1% of the acid were applied. Leaves of 
the affected buds failed to expand the 
usual amount. They were very small and 
curled, forming rosettes while the plant 
was in the seedling stage. They expanded 
slightly as the plants matured. The 
leaves produced later were nomal. In 
the case of the beet, many of the leaves 
produced after treatment were tubular, 
funnel-shaped, or filiform, with the sur- 
face much pebbled. 2,3,5-Triiodobenzoic 
acid failed to induce the formation of 
stem tumors on any of the plants. The 
number of flowers that developed on 
treated plants was not appreciably 
fewer than the number that developed 
on untreated ones. However, at the end 
of the experiment plants treated with a 
concentration of 1% of the acid in lano- 
lin emulsion were somewhat smaller in 
over-all size than were untreated ones. 
The behavior of some of the plants when 
appreciably older is recorded below, 
under treatment 5. The application of 
the acid did not noticeably alter the 
growth of the monocotyledonous plants 
studied. 

Many of the flats of plants in this trial 
which were not killed by the treatments 
were held over and placed on greenhouse 
benches for further development. It is 
obvious that several points of great agri- 
cultural importance are shown, especially 
the increased longevity of some of the 
lots of plants and the intense green colo- 
ration developed by the foliage following 
some of the treatments. These observa- 
tions, especially as they relate to an ap- 
parent increase in development over the 
controls and give indications of a decided 
stimulative effect, are of as great sig- 
nificance as are the toxicity effects. 

Except as specifically indicated the fol- 
lowing notes on bean plants were made 
on April 17, 1944. The exceptions relate 
to a few flats on which the notes were 
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made on May 3, 1944. The numbers used 
designate the same type of treatments as 
given in table i . 

5 - 1% (oW).— Yellowed; one set of trifoliate 
leaves normal, the others curled and crumpled 
or pebbled. Few flowers, few pods, one to three 

beans each. 

5 * o.j% (old). Yellowed; many large tri- 
foliate leaves, many small a.xillarv shoots- those 
at cotyledonary node show no crumpling and 
are dark-green. There are a few drv pods having 
one to three beans each, many large green pods 
having one to three beans each, and a number 
of flowers on the axillary shoots. In general 
slightly greener than controls. The plants are 
not so green as treatment 8. Dust nor so large. 

S- 0.13% (»W).— Yellow, many plants ma- 
ture and dried, a few with axillary shoots at 
the cotyledonary node. Most pods drv, one to 
two seeds each. Some large trifoliate leaves. 
Slightly less mature than controls. 

S- 1% {young). ^Primary leaves large, yel- 
lowed, somewhat recurv-ed; epicotyls with few 
green leaves or leaves dead and shed. Axillary 
shoots at cotyledonary node. Small, verj'- green 
leaves, a few young green pods, one to three 
seeds each. Still many flowers and young pods 
forming. 

5 - 0.5% (yOTwri-).— Epicotyls dead, few axil- 
lary shoots, also a few shoots from axils of 
cotyledons. These shoots are still green. Leaves 
mainly yellowed or fallen, stems dead or dying. 
Plants sparse in appearance. 

5. 0.23% {young). — ^Yellowed, dying, epi- 
cotyls dead; a few had produced thin shoots 
with small leaves. A few pods with one bean in 
each. Weak sprouts from axils of cotyledons. 

_ 5 - 0.13% (yr)M«.g).— Yellowed; some second 
intemodes are elongated and have few large 
leaves. Axillary shoots at nodes of cotyledons 
and primary leaves. Leaves small, pebbled, all 
yellowed, except those on small axillary shoots. 
Few green or dry pods. Less mature than con- 
trols. 

6. 0.13% {young). Still green, the primary 
leaves green and somewhat leathery. Epicotyls 
killed, with large tumors, i inch in length, stop- : 
ping at cotyledonary nodes where large tumors 1 
have formed on some plants. Small, green, axil- 1 
lary shoots at cotyledonary nodes, a few in axils 1 
of primary leaves. There are flowers only at c 
these places. A few green pods, containing one I 
to three beans each. Plants still actively vigor- 
ous; new green leaves show little deformation, a 


i 6. 0.13/0 {old) {May 3, IQ44).— Many axil- 
j la^ shoots, some of them with tumors, mostlv 
without. Primary leaves not very large but still 
green. Short axillary shoots green, with green 
- pods having one to three beans each. Larger 
, trifoliate leaves mottled yellow. Plants rather 
: open, not very bushy and still appear decidedly 
green. Less bushy than 7- 0.13% (old). More 
pods than controls, some of them still green 
: some dried. ’ 

1 (young). No large trifoliate 

leaves. Ihose which are present still very green. 
Most of the terminal shoots were killed; others 
have large galls which are corky, many extend- 
ing to the cotyledonary nodes, none below. The 
lateral shoots are dwarfed with some bloom, but 
most of the pods are aborted. Manv leaves fili- 
form; no compound leaves of full size. Most of 
the primary leaves still dark-green, leathery, 
but not of unusual size. Plants as a whole appear 
very green. 

7 * 0-55% (old). Still very green, except a 
few primary leaves and the old, full-sized, tri- 
roliate leaves which are yellowed. Apical buds of 
main stems and also buds present in the axils of 
trifoliate leaves at time of spraying became tu- 
mors. Many new shoots in axils of primary 
leaves; inost of them with deformed, sometimes 
filiform, leaves. These shoots are blooming and 
sometimes have green pods, many of which are 
abortive. Axillary shoots at cotyledonary node 
with very green leaves which are slightly de- 
formed. Many plants in bloom and with large 
green pods having one to three beans each, al- 
though some are large and empty. Plants have 
a decidedly bushy appearance. They are vigor- 
ous except for many defomied leaves. General 
appearance very green with many buds and 
blossoms. 

(^oy IQ44) . — Plants green 
and taller than 7. 0.13% (yoimg); manv large 
trifoliate leaves which are slightly yellowed. 
Tops and axillary shoots which were present at 
nodes of large trifoliate leaves when sprayed are 
now oval, fleshy, corky tumors with apical 
rosettes of scales. A few plants have much- 
branched shoots instead of tumors. These shoots 
have intense green leaves which are rather small 
and sometimes filiform. A few axillary shoots at 
cotyledonary nodes are mostly small with 
leaves less deformed. Many large green pods, 
one to five beans each. Some flowers and a few 
buds. 

( 3 ^<?W)--~Oreener than plants treated 
s-t 0.5% strength. Axillary shoots with many 
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small deformed leaves. A few abortive flowers 
and pods. Some buds with one to two seeds 
each. Many leaves filiform. General appearance 
very twiggy. 

S. 0.5% (young). — Yellow. Epicotyls thin, 
dying, with many of the leaves filiform or with 
broad midveins and no blade. Weak shoots in 
axils of cotyledons. 

8, 0.25% (young). — Yellow, not so mature 
as controls. Epicotyls slender; many leaflets of 
trifoliate leaves narrowly triangular, deformed, 
and pebbled. Pods dry, one to two beans each. 
Stems green. 

8. 0.13% (yoting).--Yd\Qv,\ but less so than 
controls, Epicotyls slender; leaves small, slight- 
ly defomied. Very little branching from axils of 
cotyledons or leaves. Few pods, usually with one 
seed. 

8. 1% (old). — Greener than controls, but 
plants are not so green as treatment 8. Dust. 
Many large trifoliate leaves, some of which are 
yellowed, others very green. Many small green 
axillary shoots. 

8. 0.5% (old ). — Not much deformation of 
plants, but they are much greener than con- 
trols. Stems green. A few dry pods. 

8. 0.25% (.old) . — Similar to 0.3% (old) but 
still greener. 

8. 0.13% (old) (May 3, 2p44)*— 'Plants open, 
sparse, about like controls, but slightly greener. 
Many green pods, a few of them mature except 
at nodes of primary leaves and cotyledons. 

II. 0.13% (old). —Still much greener than 
controls. Second internode and internodes above 
elongated in many cases. A few have tumors on 
them. Leaves not much deformed, some tri- 
foliate leaves large and green. Very few pods; 
most of them are green, with one to three seeds 
each. Stems green. Some tumors on petioles of 
older leaves. 

1. Dust.— Slightly greener than controls; ap- 
parently more pods. 

2. Dm.?/.— S imilar to treatment i. Dust but 
more small, dark-green, axillary shoots. 

3. DM5/.—Greeiier than controls, more pods 
which are still fairly green, three to five beans 
each. Stems green. Compared with controls, 
less mature, slightly more vigorous. 

7. Dm:?/.— P lants greener than controls, 
many still growing actively. There are a few 
dry pods and some green ones having one to four 
seeds each. More growth than controls and still 
very much greener. 

B. Dm 5/.— Plants larger than controls, 
greener, and with many small axillary shoots. 


More pods, some of them still green. A few 
flowers still present. 

Control (young). — ^Plants somewhat green, 
but primary leaves are yellow, as are also many 
of older trifoliate leaves. Stems still green. Few 
dry pods; few axillary shoots, those present 
being at nodes of cotyledons or primary leaves. 

Control (old). — Plants yellow; most of pri- 
mary leaves curled or shed, the large trifoliate 
leaves yellowish. Many m ature pods, one to four 
seeds each. Stems collapsing and dying, mostly 
fallen over. 

Summary 

1. On the basis of the records of 
many experiments which demonstrated 
the relative toxicity of some of the 
growth-regulating substances and the 
differential sensitivity shown by plants 
in relation to them, the suggestion was 
made that greater attention be directed 
toward more critical study of these ef- 
fects and their possible significance to 
agricultural and industrial practice. Fol- 
lowing out this idea, it was specifically 
suggested that attention be given to the 
possible significance of these compounds 
in a program for national defense. 

2. Experiments, in addition to work in 
progress, looking to both ends were car- 
ried out for a number of years. Summary 
results of certain of the specific experi- 
ments carried out from August, 1941, to 
May, 1944, are given. Others may be pre- 
sented at some future time. 

3. Vi^hen attention was called to some 
of the chlorophenoxyacetic and iodo- 
benzoic acids, additional critical experi- 
mental work was at once centered around 
some of them. 

4. The 2,4-dichlorophenoxyacetic, 
2,4,5-trichlorophenoxyacetic, and 4-chlo- 
rophenoxyacetic acids proved extremely 
toxic when applied under greenhouse 
conditions to the aerial parts of sugar- 
beet, radish, rape, kidney bean, red 
clover, and buckwheat plants. Emulsions 
of these compounds, when applied to the 
foliage of rice plants and to the water 
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over the surface of the soil in which they 
were gromng, were highly toxic. 

5- Various other substances were ef- 
fective as plant toxicants or in modify- 
iriS growth when sprayed on the plants 
as lanolin or oil emulsions or when used 
as aerosols. 

6. Xlie concentrations of these agents 
required to kill or markedly to reduce the 
rate of growth of the plants ranged be- 
tween 0.13%, and 1.0% when the acids 
were applied as emulsion sprays. Penta- 
and 2-chlorophenoxyacetic acids were 
less ^ toxic than . 2,4>-dichlorophenoxy- 
acetic, 2,4,5-trichlorophenoxyacetic, and 
4-chlorophenoxyacetic acids. 

7. Dusts containing growth-regulating 

substances were relatively ineffective as 
applied in these tests. It was suggested 
that, on the basis of these results, the 
addition of a hygroscopic agent to the 
mixture of talc plus a growth-regulating 
substance might allow for the absorption 
of moisture and thereby place a suf- 
ficient amount of the agent in a form ’to 
induce growth responses and even severe 
injury. 

8. In general, cereals were relatively 
insensitive to growth-regulating com- 
pounds as used in these experiments. 
Rice was killed by the application of 2,4- 
dichlorophenoxyacetic acid to the water 
surrounding the plants as well as to their 
leaf surface. Barley also proved to be 
somewhat sensitive to some of the mix- 
tures but less so than most of the dicot- 
yledonous plants tested. 


9- Aside from the toxic effects, it was 
established that the application of 2,4- 
dichlorophenoxyacetic acid, and some 
of the other substituted chlorophenoxy- 
acetic acids, brought about responses by 
the dicotyledonous plants that were out- 
wardly different in appearance from 
those that resulted from the application 

2,3,5-triiodobenzoic acid. On the basis 
of the results obtained, it appeared that 
2,4-dichlorophenoxyacetic and 2,4,5-tri- 
chlorophenoxyacetic acids would be out- 
standingly useful as herbicides or as dif- 
ferential herbicides. 

10. In connection with the experimen- 
tal work then under way, in March, 
1944, plots were laid out at Beltsville' 
Maryland, to study the use of growth- 
regulating substances as herbicides when 
applied to field-grown plants. 

11. The results of the various experi- 
ments carried out, together with many 
photographs, some of which accompany 
this paper, were conveyed to those 
authorized to receive such reports (13). 

12. The use of growth-Zegulating sub- 
stances in the control of weeds and other 
veptation has now become widely pub- 
licized and exploited. Some of the other 
results of these experiments also are 
finding their application in agricultural 
and industrial practice. 

Department of Botany 

University of Chicago 

AND 

Bureau of Plant Industry, Soils 
AND Agricultural Engineering 

Beltsville, Maryland 
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THE COMPARATIVE MORPHOLOGY OF THE FAGACEAE 
I. THE GENUS NOTHOFAGUSV 


LADEMA MARY LANGDON 


Introduction 


Although the anatomy and fioristic 
features of the Betulaceae have been 
studied more or less intensively by a 
number of investigators, including recent 
detailed treatment of their inflorescence 
anatomy and morphology by Abbe (i, 2), 
similar studies involving the beech-oak- 
chestnut branch of the Fagales have 
been, since the early taxonomic and 
phylogenetic treatises (16, 18, 29, 30, 34), 
conspicuously meager. Renble (33), 

* A part of this report was presented before 
the General Section of the Botanical Society of 
America at Boston, December, 1946. The investi- 
gation has been aided by grants from the Penrose 
Fund of the American Philosophical Society. 


Schwartz (35), and Camus (12) gave 
more complete comparative accounts of 
generic differences in this family than are 
found in other recent studies of the 
group, but in all three— as in earlier ac- 
counts— there is notable an inadequate, 
almost superficial, treatment of other 
than external taxonomic characters and 
a genuine scarcity of reliable material il- 
lustrative of the internal morphology of 
either the vegetative or the reproductive 
structures. 

Benson’s conclusions, based upon 
such features of the megagametophyte 
as could at the time (4) be ascertained in 
the Betulaceae and Fagaceae, confirmed 


1947] 


LAN GDON — NOTHOFAGUS 


351 


V 


! 

i 

i 


% 


L 


Eichler’s (i6) and Prwtl’s (29, 30) 
deductions based on their floral mor- 
phology, i.e., that the Cupuliferae were 
to be regarded as less specialized than 
the Betulaceae. This view has received 
support from anatomical studies (3, 37) 
as well as from more recent investiga- 
tions in the floral morphology of certain 
of the Castaneae (6). In general, the more 
recent researches in inflorescence anat- 
omy and morphology in families of the 
Amentiferae (8, 19, 22, 27) have empha- 
sized specialization in these forms, and 
reduction, either from the Ranalian 
stock along the line of the Celastrales and 
the Sapindales or from the Rosales 
through the Hamamelidales. 

Rendle’s taxonomic studies (33), on 
the other hand, support the theory— as 
the one most in accord with present 
knowledge--that the Fagales, along with 
the Casuarinales and Juglandales, are 
surviving representatives of diverging 
lines of development from some early 
angiospermous t)T)e or types now extinct, 
very likely with bisexual hypogynous 
flowers and bractlike perianths. On the 
basis of his studies, Abbe (i, 2) has pro- 
posed, as a hypothetical type ancestral 
to the Betulaceae, a form characterized 
by a series of racemously arranged cy- 
mose inflorescences, each composed of a 
median and two lateral triflorous groups, 
the individual flowers hermaphroditic 
and epigynous. The Fagaceae are men- 
tioned as exhibiting a combination of 
characters suggestive of this type. 

The comparative survey of the sporo- 
phytic characters of species of the exist- 
ing genera of the Fagaceae, of which 
the present studies of Notkofagus are a 
section, has, as its major objectives, a 
clearer definition of the generic charac- 
ters of the entire beech-oak-chestnut as- 
semblage as well as the acquisition of ad- 
ditional data bearing on the ancestry of 


the amentiferous angiosperms. For some 
time it has been recognized that there is 
no group of flowering plants in which 
greater confusion exists in relation to the 
limits of genera and species than the 
Fagaceae; and it has become increasingly 
evident that thoroughgoing morphologi- 
cal investigations, involving internal as 
well as external characters, would be of 
material assistance in indicating clear 
lines of distinction by which one may 
legitimately break up large comple.xes in 
this family into a reasonable number of 
distinct genera. 

Distribution of Nothofagus 

The genus Nothofagus, formerly con- 
sidered to be a section of the genus Fagus 
—designated Nothofagus (false beech) by 
Blume, (9), Bentham and Hooker (5), 
Solereder (38), and Krasser (23) and 
proposed as a genus distinct from the 
northern section of the beeches by the 
Swedish botanist Oerstedt (28) — has 
been for many years recognized as com- 
prising those beeches dominating the for- 
ests of ridges and valleys from 4000 to 
^oo meters altitude in extratropical 
South America, Australia, and New Zea- 
land. Exclusive of the species recently 
reported from the Netherlands New 
Guinea, sixteen species have been recog- 
nized as valid in this genus; eight occur 
m antarctic South America, five in New 
Zealand, and three in southeastern Aus- 
tralia and Tasmania.^ Under favorable 

“ Two theories have been current relative to the 
origin of the northern and southern branches of 
the Fageae, both receiving support from the data 
of paleobotany; (o) the hypothesis supported by 
Berry (7) of a common ancestry' for the northern 
and southern beeches and the geographical diver- 
gence of these two branches from a single area — 
very probably, western Asia — culminating in the 
structural differentiation and geographical segre- 
gation characterizing the living representatives of 
Nothofagus; (i) the alternative hypothesis of an 
independent emergence of Nothofagus on the Ant- 
arctic continent and its northward migration by 
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conditions of moisture, temperature, and 
exposure to wind, Nothofagus becomes a 
large tree 90-200 feet in height, with a 
trunk 2-5 feet in diameter, frequently- 
flanged or spur-buttressed at the base, 
the latter character being especially well 
developed on those evergreen species 
growing in forests subject to very heavy 
rainfall (14, i 5 , 3i)- As in other members 
of the beech-oak-chestnut family, how- 
ever, species of Nothofagus growing at the 
higher altitudes gradually become 
dwarfed as they ascend until, above the 
400-meter elevation, they form stunted 
forests of shrublike trees. 

An interesting altitudinal zonation 
marks the distribution of the beeches of 
New Zealand (14). Nothofagus solandri 
(Hook, f.) Oerst. and N. truncata (Col.) 
Cocka}me occur chiefly as lowland-mon- 
tane forms, N. fusca (Hook, f.) Oerst. 
generally occupies an intermediate range 
up to 1000-2000 meters elevation, and 
N. cUffortioides (Hook, f.) Oerst. and N. 
menziesii (Hook, f.) Oerst. frequently 
ascend into the upper subalpine belt, 
even to the timber line. 

In antarctic South America a latitud- 
inal as well as an altitudinal zonation is 
associated with the distribution of the 
beeches, which have been reported (15, 
17, 31) from a point on the west coast of 
Chile about latitude 33°, southward 
through western Patagonia andTierra del 
Fuego. The most northern species is N. 
obliqua (Mirb.) Blume, which, according 
to Elwes and Henry (17), was one of 
the principal trees in the primeval forests 
formerly clothing the lower slopes of the 

three separate routes into South America, Tasmania, 
Australia, and New Zealand, 

A recent proposal by the Russian geographer 
WuLFF (41) is that a primary type, ancestral not 
only to the beech line but also to the chestnuts and 
possibly the oaks, may be represented in the modern 
flora by the genus Fasania, which includes more 
than a hundred species distributed in the islands 
of the Malay Archipelago. 


Andes at about latitude 35°. In the forest 
country south of the Maule River, N, 
obliqua occurs in association with N. 
dombeyi (Mirb.) Blume, these two species 
providing the principal timber supply of 
Chile. In the forests of Chilian (lat. 37^^), 
N. obliqua grows up to 4000-5000 feet 
and is replaced at the higher elevations 
by N. antarctica (Forst.) Oerst. and A. 
pufuilio (Poep. et Endl.) Krasser, the 
former being one of the widely distrib- 
uted species, especially at high eleva- 
tions, on both the Chilean and the Argen- 
tine sides of the Cordilleras from latitude 
38° to Tierra del Fuego. Nothofagus pro- 
cera (Poep. et Endl.) Oerst., a species il- 
lustrated and described in some detail in 
this paper, is one of the less common of 
the South American beeches. It is scat- 
tered in the forests of Chile (lat. 3 S'^” 36 ^)r 
where it exhibits about the same altitud- 
inal range as N, obliqua. 

Recently, important additions to the 
beeches of the southern hemisphere— ex- 
tending their present range of distribu- 
tion from the antarctic to the highlands 
of the tropical zone^ — have been report- 
ed from the collections of the Archbold 
New Guinea expeditions of I 937 "i 938 , 
constituting part of the Netherlands New 
Guinea Herbarium of the Arnold Ar- 
boretum of Harvard University. These 
beeches, the first Nothofagus species to 
be reported from the East Indian area, 
are described by collectors Brass and 
Versteegh as large trees 30-40 meters 
in height, with trunks over i meter in 
diameter, dominating the forests of 
ridges and valleys from ±3100 meters 
altitude down to 2300 meters in the 
^^Bele’^ River section northeast of Lake 
Habbema (lat. approximately 4.09"^ S.). 

Certain of these interesting collections 

^ Cain (ii) has classified the Fageae {Fagus and 
Nothofagus) as among forms illustrating a type of 
bipolar distribution with species occupying essen- 
tially boreal and austral centers but completely 
absent from intervening tropical stations. 
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have been made available for examina- 
tion and description in connection with 
this study/ and three different species 
are illustrated either in habit (figs. 14- 
17) or in details of anatomical structure 
(figs. 19, 28-33, 34-37). 


ings illustrative of the foliage, flowering, 
and fruiting habit of representative ever- 
green and deciduous species (figs. 1-17), 
the author has had the professional as- 
sistance of Miss Stella Dernoga of the 
Art Institute, Baltimore. 


Investigation 
Material and methods 

Although the distribution and general 
ecology of the known species of southern 
beeches, as also their taxonomic prob- 
lems, have been dealt with by several in- 
vestigators (5, 9, 10, 14, IS, 17, 20, 21, 28, 
31. 32, 39, 41), very little, other than of 
their external taxonomic characters, is 
known about the morphology of these 
important members of the beech series- 
even less, in fact, than in other sections of 
the Fagaceae. 

Most of the specimens furnishing the 
basic materials for the present studies 
were secured as loans from the extensive 
herbaria of the Arnold Arboretum and 
from the Gray Herbarium, of Harvard 
University. Herbarium specimens have 
been supplemented by shipments from 
the Golden Gate Park, San Francisco, 
California, and by two sets of fixations 
from the Royal Botanic Gardens, Kew, 
England, and from the Royal Botanic 
Garden of Edinburgh, Scotland. 

For the histological and anatomical 
features of inflorescences, flowers, and 
fruits substantially the same technical 
procedure has been followed in imbed- 
ding, serial sectioning, and staining as 
was reported in an earlier paper (24). In 
the preparation of the detailed pen draw- 

^ Duplicate^ material of the New Guinea beeches 
was sent to Dr. A. Ptoie, University of Utrecht, for 
study, from the Arnold Arboretum, prior to the out- 
break of the war. Although to date no report 
nas been received from Puile, recent reports indi- 
cate that one of the New Guinean species of Noth- 
o/ogas was published by Japanese botanists in Java 
during the war years and incorrectly classified as 
a new genus of the Hamamelidaceae. 


Morphological characters 

_ Various natural systems of classifica- 
tion of the Fagaceae or Cupuliferae have 
been proposed. In most of them the 
beeches of both northern and southern 
hemispheres are segregated as a natural 
group or subfamily, the inflorescences of 
which are described as simple one- to 
many-flowered dichasia in the axils of the 
leaves; the male flowers either in dense 
slender-stalked clusters or in short one- 
to three-flowered cymes; the female (one, 
two, or three in number) incompletely 
inclosed by a two- to four-lobed bracteo- 
late involucre, e.g., the Fagineae of 
Oerstedt (28) and the Fageae of 
Prantl (30). Two genera are recognized 
—Fagus and Nothofagus. 

^ Nothofagus comprises those monoe- 
cious, occasionally dioecious, shrublike 
or arborescent species, with simple two- 
ranked, generally very small leaves; some 
species are deciduous, others evergreen 
in habit. 

Leaf characters.— In the six decidu- 
ous species, all South American with the 
exception of the Tasmanian species N. 
gunnii, the leaves (i. 5-6.5 cm. long and 
1-3 cm. wide) are soft in texture, gen- 
erally folded in the bud along the lateral 
nerves (fig. 5), and either crenate or ser- 
rate in margin, with variable degrees and 
types of serration in the different species. 
The large multicellular dermal glands, so 
conspicuously identified with the leaves 
of the evergreen beeches, may or may 
not occur in association with the leaves 
of the deciduous species. In N . antafctica 
(^§. 5)} 4 s m N . procera and N . punilio, 
resinous papillae are distributed on both 




Figs. 1-4.— Nothof apis procera, Chile. Fig. i, fruiting habit; nutlets, three in number, closely invested by 
four-valved cupule; valves with leafy pinnatifid appendages bearing stalked glands. X1.7. Fig- 2, young 
fruiting head; n, wing of nutlet; segment of lobular cupule. X i-S- Fig. 3, single staminate floret. X2, 
Staminate flowers in this species may be borne singly or in groups of three. Fig. 4, three pistillate inflores- 
cences, upper two with associated stipules (s). X i*5* 












14 



Figs. i^r-iT—Noihofagtis (Brass and Versteegh 11115) sp. nov., Netherlands New Guinea. Fig, 14, 
foliage and fruiting habit; fruiting heads consist of woody bivalved funnel-form cupule which invests three 
nutlets (two are three-winged; one is two-winged). Lobes of cupule joined almost to rim, each lobe covered 
externally by three or four flat lobular scales. Xi.3- Fig. 15, staminate inflorescence (immature, with one 
floret aborting). X2.6. Fig. 16, young fruiting head, fruits still closely invested by involucral segments. 
X2.6. Fig. 17, single nutlet; winged character of fruits not so prominent as in antarctic members of genus. 
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the adaxial (upper) and the abaxial 
(lower) surfaces of the leaves, usually in 
close association with the veins. In N. 
obliqua, s^s in N, montagnei^ they occur 
infrequently and only on the upper sides 
of the leaves. 

In the evergreen species, predominant- 
ly found in Australia and New Zealand 
with the exception of the New Guinea 
species and the two species in South 
America, the leaves are usually coria- 
ceous and glabrous or with variable pu- 
bescence, the margins either entire or 
minutely crenulate, and practically all 
dotted with resinous papillae on either the 
upper or the lower surfaces, occasionally 
on both. In N. oimninghami^ glands are 
borne only at the margins and on the 
adaxial faces of the small leathery leaves 
(figs. 8, 9) ; in N. menziesii^ glands are 
sparingly distributed only on the abaxial 
surfaces; whereas, the equally small, 
thick leaves of N. domheyi and those of 
N, betuloides are glandulous punctate on 
both lower and upper surfaces. With the 
exception of the Australian species, N. 
moorei Krasser, and the recently dis- 
covered beeches of the New Guinea area, 
the evergreen species are characterized 
by exceedingly small leaves (e.g., 1.2- 
1,5 cm. in A. cliffortioides, 1.5-2 cm, in 
N. betuloides^ and o. 5-1.5 cin. in N, am- 
ninghami and N. menziesii). The leaves 
of the larger-leaved species of evergreen 
beech average 2-4 cm. long, occasionally 
8-10 cm. on the younger vegetative 
shoots, and are sharply serrate in their 
margins. The thick leathery leaves of the 
New Guinea beeches range 2. 5-5.0 cm. 
long and i. 4-2.0 cm. wide and are char- 
acterized by entire, conspicuously re- 
curved margins, with a distinctive notch- 
ing of the apical portion (figs. 14, 16). 

The histological structure of the 
leaves of these beeches of the antarctic 
may be described as markedly xero- 
morphic in most of the evergreen species 


and as quite typically mesomorphic in 
the deciduous species, except for a tend- 
ency to lignification of both the epi- 
dermal and the hypodermal layers and 
a prominent development of sclerotic tis- 
sues in association with the veins. Among 





Figs. iS-ig. — Fig. 18, Nothofagus cunninghami, 
transection of nGiidrib portion of foliage leaf, with 
adjacent tissues. X 100. Fig. 19, Nothofagus (Brass 
and Versteegh 11115) sp. nov., transection of leaf 
showing one of smaller lateral veins and adjacent 
tissues. Xiio. 

the evergreen forms, possibly as an adap- 
tation to the climatic extremes of their 
environment, all gradations occur in the 
degree of cuticularization — from the for- 
mation of cuticle layers 0.05-0.1 mm. 
thick, as in iV'. (fig. 18), to 

the elaborate thickenings in the leaves of 


360 


BOTANICAL GAZETTE 


[march 


certain of the New Guinea species (fig. 
19) and in N. cliff or tioides. 

Along with well-developed cutin lay- 
ers, these evergreen beeches exhibit dif- 
ferent degrees of lignification of the cells 
of the epidermal, as do also those of the 
hypodermal, layers. In N. solandrij and 
in certain of the smaller-leaved New 
Guinea beeches (e.g., 11335 Brass 
and Versteegh collection), there is no 
marked thickening of either epidermal or 
hypodermal cells except in the vicinity of 
the midrib and lateral veins. In N, cun- 
ninghami the epidermal and hypodermal 
cells on both sides of the leaf have thick 
walls, particularly those of the adaxial 
side. In certain of the larger-leaved New 
Guinea beeches (e.g., Brass and Ver- 
steegh 11997(5^, 11115, and 10479), the 
thick-walled hypodermal region is sev- 
eral cells in depth, on both the adaxial 
and the abaxial sides, and ribs of scleren- 
chyma tissue extending from the upper 
and lower hypodermal layers completely 
envelop the lateral veins, along with the 
vascular tissues of the midrib, in heavily 
sclerotinized sheaths. Masses of irregu- 
larly shaped scalariform-perforated ele- 
ments not uncommonly are to be found 
in such cases in the parenchyma areas be- 
tween or immediately adjacent to the 
sclerenchyma-sheathed veins (figs. 18, 
19). It is perhaps significant — certainly 
noteworthy — that among morphological 
characters emphasized in the Lyginop- 
terideae (36) have been the marked de- 
velopment of sclerenchyma, in the form 
both of hypodermal ribs and of sclerotic 
plates located within the internal tissues 
of stems and leaves; likewise the con- 
spicuous development of stalked, capi- 
tate glands in association with the leaf 
surfaces. 

The palisade parenchyma is typically 
xeromorphic iii the evergreen beeches, 
generally consisting of two to three sub- 


hypodermal layers, the cells of which are 
extremely small and narrow, many con- 
taining abundant resin deposits (fig. 19). 

Staminate inflorescence and flow- 
er. — The male flowers, solitary or in 
groups of two to three on short recurved 
peduncles, in the monoecious species are 
borne either toward the base of the sea- 
son’s growth or on branches adjacent to 
those bearing the pistillate inflorescences. 
Their calyces are either campanulate or 
funnel form and multilobed. Solitary 
staminate florets rather than groups pre- 
dominate in N. menziesii^ N. moorei^ N. 
betuloides, and N, obliqua, while in N. 
dombeyi and N . nitida the grouped ar- 
rangement of male florets appears to be a 
constant feature. In all other species of 
the genus, however, including the New 
Guinea beeches, the staminate flowers 
may occur either singly or in two- to 
three-flowered dichasia on the same 
plant. 

It has been the writer’s observation 
that the number of staminate flowers 
(one, two, or three), as also the stamen 
number, varying from eight to forty 
(eight to twelve in the smaller florets and 
twenty to forty in the larger solitary 
flowers), are characters hardly to be de- 
pended upon in the differentiation of the 
species. On the other hand, even though 
variable in size, the general form and 
structure of the anthers (figs. 3, 5, 9, ii, 
15), as also the pollen characters, may be 
relied upon as distinctive of the genus— 
they are unlike the anther and pollen 
characters of other genera of the Faga- 
ceae. In general, the anthers in Notho- 
fagus conform to a linear-oblong pattern, 
are two-celled, and are distinctly apieu- 
late; those of N, procera eind N, cunning- 
hand are shortly oblong, the latter with 
a distinctive curvature of the apex. 

In but one of the several species of 
Nothofagus studied in detail has a tend- 
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eney to hermaphroditism in floral struc- 
ture been observed, and that is in N. 
cunningkami^ the irregularities of which 
are described under ''Pistillate inflores- 
cence and flower/’ 

Pistillate inflorescence and flow^- 
ER. — -The female flowers also occur in 
simple cymeS“~one, two, or three (typi- 
cally three) in a head — the flower heads 
being borne on erect short peduncles 
usually in the upper axils of the season’s 
growth, each flower cluster closely in- 
vested by a two-, three-, or four-lobed 
lamellate involucre and a complement of 
bracts corresponding to the secondary 
and tertiary floral units of a compound 
cyme. 

Although the segregation of pistillate 
and staminate flowers in different in- 
florescences — the pistillate in the upper 
axils, the staminate in the lower axils of 
the season’s growth— is the general rule 
in species of this genus, checked in detail 
in N. obliqua, N. procera, N. antarctica^ 
N. menziesii, and N, moorei, a certain 
amount of variability in arrangement and 
composition of the flowering clusters has 
been observed, in particular in the Tas- 
manian species, N. cunninghami. The 
following inflorescence types have been 
observed in this form — all in association 
with the flowering shoots of a single sea- 
son’s growth: {a) normal three-flowered 
pistillate inflorescences; {b) normal three- 
flowered staminate inflorescences; {c) 
three-flowered inflorescences consisting 
of a center pistillate floret with staminate 
laterals, the latter on short peduncles; {d) 
three-flowered staminate heads, the cen- 
ter floret abortive; and {e) solitary pis- 
tillate florets, usually with a loose, scaly 
involucre and occasionally exhibiting 
abortive stamens (see fig. 9 for habit il- 
lustration of some of these types). 

Whatever their position and organi- 
zation, these small, generally inconspicu- 


ous, pistillate cymules are, during their 
early development, very effectually con- 
cealed by the broad, variously modeled, 
membraneous stipules of the subtending 
foliage leaf (figs. 4, 6). 

A valvate or lobular involucre in as- 
sociation with the pistillate flowers and 
the nutlets is one of the distinctive fea- 
tures of both Fagiis and Nothofagus, but 
in its external morphology it is extremely 
variable in the beeches of the southern 
hemisphere. Variability is seen in (a) the 
number of involucral valves; {b) the size 
and shape of the valves; {c) the char- 
acter and number of the foliar append- 
ages borne dorsally or marginally by the 
segments; and {d) the size and general 
character of the glands.^ With the excep- 
tion of the South American species N. 
pumilio and the evergreen beeches of 
New Guinea, the cupules associated with 
the pistillate flowers in species of Notho- 
fagus are of the three- tofour-valved type, 
the valves incompletely inclosing three 
flowers (one dimerous and two trimerous) . 
The pistillate inflorescences of N. pumilio 
and of the New Guinea representatives, 
however, are characterized by a bivalved 
involucre which in N. pumilio incloses a 

5 The capitate glands, one of the particularly 
noteworthy and conspicuous features of the cupules 
of Notiwfagus, especially of the antarctic species, 
are large multicellular structures, which, wLen not 
apparent as globular stalked appendages borne at 
the tips of the pinnatifid involucral scales (e.g,, 
A. moorei, N. menziesii, N. mmninghami^ and 
A. procera) , are frequently to be disclosed in vertical 
sections of the pistillate inflorescences as sessile, 
conelike structures borne in the axils of the invo- 
lucral leaves (fig. 26^4) or in the axils of the bracts 
of the inflorescence or even the stipules. 

The stalked variety of gland — ^bearing a striking 
resemblance to the “glandular spines’’ identified 
with the petioles and cupules of Lyginopteris (36) — 
though variable in size, are frequently massive 
organs (0.5-2.0 mm.), the stalked portion of wLich 
has the morphological features of a modified leaf 
segment. The capitate glandular portion of this 
organ (fig. 27A) "consists of a la^^er of columnar 
secreting cells, apparently epidermal in origin, 
which surrounds a spongy core. 
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solitary floret and which, in the New 
Guinea species, incloses either a solitary 
dimerous floret or a two- to three-flow- 
ered group. In the case of the three- 
flowered groups the flowers may be asso- 
ciated with a single dimerous central 
floret with two trimerous laterals, or all 
three may be of the flattened dimerous 
type, each oriented in the plane of the in- 
volucral segments. 

Notwithstanding the very noticeable 
variation in the sizes and shapes of the 
pistillate florets in the different species of 
the genus, and the character of their 
stigmas and conspicuous winged append- 
ages (figs. I, 6, 7, 8, 10, 13, 17), little 
variability among the species is apparent 
in the basic morphology of the ovary, in 
the origin of the ovules, or in details of 
vascularization of either carpels or 
ovules. The individual female flower con- 
sists normally of a four- to six-membered 
perianth (generally four sepals in the 
dimerous florets and six in the trimerous), 
borne on the rim of a fleshy and conspicu- 
ously angular bi- or tricarpellary ovary, 
the latter to be interpreted on the basis 
of ontogenetic evidence as receptacular 
tissue lined and concrescent with a car- 
pellary core. The outer axial portion of 
the ovary wall is clearly distinguishable 
from that which is carpellate in origin, 
the former being characterized by a 
loose, somewhat fibrous, texture and the 
possession of vascular elements, whereas 
the inner carpellate section is distin- 
guished by a marked zonation which in- 
cludes an outer woody band of variable 
thickness (figs. 12, 22-25) and an inner 
fleshy zone. It is from the latter that the 
three two-ovuled placentae are derived. 

Although an axile column of vascular- 
ized tissue develops concurrently with 
the placental tissue and, as in other gen- 
era of the Fagaceae (24, 40), eventually 
fuses with it, the relationship of this axile 


column to the placentae and ovules is not 
the same as that reported vci Fagus and | 
Quercus (24) or in Castanopsis (6), in all 
three of which the floral axis produces a 
thick columnar structure— well supplied 
with vascular tissue — at the tip of which 
ovule development is initiated. 

Vascular organization or pistil- 
late INFLORESCENCE.— The manner of 

distribution of the vascular tissues to the 
female flowers, and to the associated in- 
volucre and complex of bracts, is inter- 
esting and sheds considerable light on the 
highly controversial question of the mor- 
phological nature of the special involucre 
in the Fagaceae. A number of hypoth- 
eses, based upon studies of Quercus, 
Fagus, Castanea, and Castanopsis, 
been proposed in explanation of this 
structure. Some emphasize the bracteo- 
late character of the cupule (16), while 
others accentuate its essentially axial na- 
ture, either as an intercalary formation 
of the inflorescence appearing between 
the flower and its bracteoles (29) or as 
the product of the fused secondary or 
tertiary branches of a dichasium (13, 26). 

In the vascular organization of the 
typical pistillate inflorescences in Notho- 
fagus (i.e., th ree-flowered with a four- 
lobate involucre, well illustrated in N. 
procera and in N. antarctica), the three 
female flowers, one median and two lat- 
erals, receive their vascular supply, re- 
spectively, from the primary and the 

secondary vascular axes of the cymule. 

The vascular cylinder of each floret con- 
sists of fifteen to eighteen bundles, some 
distributed along the sides of the angular 
floral axis, with others closely associated 
at the ridged corners of the axis. Gen- 
erally from the corner units of the floral 
vascular axis, strands to the central col- 
umn of the ovary diverge at the base of 
the flower. Within the axile column of 
the lateral tricarpellate flowers these 



.O' w 

>§^aoOA 




a 




Tom ^ 

w. & m 


mn-m 








V^o 

m-lA 


FL, 21 











>l >8*% *-. 


» w 


£^--;3 y*H i^"0 f, !■ ."■'^^s 



^^7/1 < 


Q m 


V./. r / ■=?> 


n„-5?f’ 1 ° procera, successive transections of pistillate inflorescence at intervals from 

KmX ’ R 'f secondary floret; AX„ vascular axis of modified tertiary branch- B, secondary 

^iTnn’ ^ of O'^ary wall; FL,, primary floret; FL„ secondary ’floret -GX 

f.SiS°S,°LTLr4Sf '“ •“-->■ "■ 



364 


BOTANICAL GAZETTE 


[march 


bundles form a three-strand converging 
vascular unit which eventually resolves 
itself into the double bundles supplying 
the funicles of the six ovules (figs. 23, 
24). In the flattened median or primary 
floret of the typical three-flowered pis- 
tillate inflorescence, only two vascular 
units are observed in the placental axis 
(fig. 24). This two- or three-strand vas- 
cular supply of the axile column of the 
pistillate florets of Nothofagus may per- 
haps be compared with the inner placen- 
tal bundles reported in Castanopsis (6). 
The prominent cylinder of vascular tis- 
sue associated with the axile column of 
the ovaries of the Castaneae, and with 
that of Fagus and Quercus, has not been 
detected in either the dimerous or the 
trimerous florets of Nothofagus. 

The vascular elements to the inner 
perianth leaves and wings, and likewise 
those to the styles, are seen to proceed, 
as conjoint bundles, from the corner units 
of the floral vascular axis through the 
marginal (axial) part of the ovary wall to 
the point of their divergence either to 
wing, perianth, or stylar members. The 
rather weak vascular supply to the outer 
perianth leaves appears to be derived 
from certain of the units of the floral vas- 
cular axis which alternate with those sup- 
plying the inner sepals and styles. 

The involucral segments, extending to 
either side and at right angles to the lat- 
eral or secondary floral units of the di- 
chasium, are largely axial in nature; each 
wedge-shaped valve bears in acropetal 
succession several to many either lobed 
or pinnatifid appendages, usually con- 
spicuously glandular (figs. 26, 27). One 
of the distinctive features of the fruiting 
heads of the antarctic species of Notho- 
fagus is the markedly woody nature of 
the inner section of the cupule valves, 
where they adjoin the nutlets (fig. 12), a 
feature not observed in the more special- 


ized New Guinea species (figs. 28-33, 
34-37) or as one of the involucral char- 
acters of Fagus (24). The numerous vas- 
cular bundles of each segment of a four- 
valved involucre will be seen to con- 
verge within the axial section as three 
groups, the center one of each group 
forming a well-defined, several-strand 
vascular cylinder, as in the vascular axes 
of the pedicels of the inflorescence. These 
‘Hertiary’’ pedicellar vascular units in 
conjunction with those of the secondary 
axes form a vascular cylinder oriented 
transversely to that of the combined pri- 
mary and secondary axes of the inflores- 
cence. The relationship between the vas- 
cular units of the involucral segments 
and those of the secondary axes of the in- 
florescence is clearly indicated in figures 
20-25, depicting successive transections 
of the triflorous pistillate inflorescence of 
N» procera. 

The vascular supply to each of the 
four tertiary bracts is, like that of the 
modified tertiary axes, derived from the 
vascular cylinders of the secondary axes 
of the dichasium, whereas that of the 
secondary bracts is derived from the vas- 
cular cylinder of the primary axis of the 
cymule. 

The vascular strands to the secondary 
bracts are distinct in every way from 
those directed to the lamina of the sub- 
tending foliage leaf and its stipules. 
Serial transverse sections made to the 
very base of the primary axis of the in- 
florescence reveal the vascular systems of 
each of the rather prominent stipules as 
very definitely related to the lateral com- 
ponents of the trilacunar trace system 
supplying the lamina of the foliage leaf 
which subtends the pistillate flowering 
group. This is very nearly in agreement 
with Abbe’s interpretation of the vas- 
cularization of the secondary bracts and 
with that of the reduced foliage leaf sub- 
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tending the pistillate cymules in certain 
of the Betulaceae (i). 

On the basis of vascular organization 
therefore, the four bracteolate involucral 
valves of N othofagus may be interpreted 
as corresponding to the bracts and modi- 
fied floral parts, including the axial por- 
tions, of the “tertiary units” of an orig- 
inally more complex cymose inflores- 
cence. This idea has been suggested in a 
previous report by the writer (25) and 


has also been proposed, but not very con- 
vincingly supported, by Berridge in her 
studies of the floral morphology of Cas- 
tampsis chrysophylla (6), in which she as- 
serted that all evidence brought forward 
in previous work on Fagus and Castanea, 
as well as her own studies of Castanopsis, 
are applicable in support of the theory 
that the valves of the cupule of the 
Fagaceae are modified secondary or ter- 
tiary axes of a dichasial inflorescence and 
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Figs. 2S-$s.---Nothofagtis (Brass and Versteegh 11363) sp. nov., Netherlands New Guinea, successive 
transections of triflorous pistillate inflorescence characteristic of species, all florets of which are flattened and 
bicarpellate. X6. (^, axial part of ovary wallj ilXa, vascular axis of secondary floret; AX^, displaced bundles 
representing vascular units of modified tertiary axes; C, carpellate section of ovary wall; FZi, primary 
floret; FL^, secondary floret; /iVF, one of segments of bivalvate involucre; GL, gland; OV, ovule; FB, 
placental bundles; 5 C, involucral leaves.) 
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not, as Eichler (i 6) maintained, mere- 
ly bracts covered with emergences. 

Further evidence in support of this 
hypothesis is supplied by the single- 
flowered, and the reduced three-flowered, 
pistillate inflorescences distinguishing the 
New Guinea species of Nothofagus, al- 
though the interpretation of the cupiile 
morphology of these beeches would in- 
deed be difficult without some under- 
standing of the inflorescence morphology 
of less specialized members of the genus. 

Comparison of New Guinea species 

WITH OTHER SPECIES OF NOTHOFAGUS 


It is with the third section of the three 
that the New Guinea beeches appear to 
be most clearly allied, although they ex- 
hibit characteristics sufficiently distinc- 
tive in their leaves, cupules, and flowers 
to warrant their recognition either as a 
subsection of III or as an independent 
fourth section of the genus. 

^ With one exception (i.e., Br. 4SS and 
\^ERSTEEGH 11335), the Ave types of 
New Guinea beeches examined by the 
wuiter are characterized by evergreen 
leaves, thick and coriaceous in texture, 
their upper surfaces glabrous, the lower 


I Taxonomic studies dealing with the 

beeches of the southern hemisphere (17, 

; 28, 32) have been in general agreement in 

emphasizing leaf and involucral char- 
acters in keys to the genus, and on the • 
basis especially of foliage characters the 
sixteen recognized species have been re- 
ferred to one of three natural sections: 

^ I. Leaves deciduous, soft in texture and folded 
in the bud along the lateral nerves, margins 
either crenate or serrate; the species in this 
j section, with the exception of N. pumilio, all 

distinguished by four-merous involucres gen- 
erally with dorsal glands, (i) N, antarctica 
Oerst.; (2) N. montagnei Reiche; (3) N. pumilio 
1 Rrasser; (4) ohliquu Blunie; (5) N» pyocero 

Oerst.; (6) N. gunnii Otist. 

I If - Leaves evergreen, usually very coriaceous 

and glabrous, or with only slight pubescence, 
margins coarsely or finely serrate or crenate, 
the surfaces of the leaves — either upper, lower, 
or both ^conspicuously dotted with resinous 
f' papillae; the species of this section also char- 

acterized by four-merous involucres, the seg- 
ments generally with leafy pinnatifid append- 
ages with stalked glands. (7) N, a piculata 
Krasser; (8) N. menziesii Oerst. ; (9) N, cunning- 
hami Oerst.; (10) JV, hetuloides Blume; (ii) 
iV. dombeyi Blume; (12) N. nitida Krasser; 

■ (13) N .fusca Oerst.; (14) N. moorei Krasser. 

: III. Leaves evergreen with entire margins, 

the leaves on young trees generally glabrous, 

) those on older trees densely tomentose; the two 

I species in this section, (15) N, cliff ortioides 

iji;! Oerst. and (16) N. solandri Oerst., both distin- 

I guished by three-merous involucres. 

I 


somewhat tomentose and conspicuously 
dotted with resinous papillae, margins I 

entire and recurved with a distinctive 
notching of the apical section. The sizes / 

are variable, ±3.5-4. 5 cm. in length by 
± 1. 5-2.0 cm. in breadth, but generally | 

are larger than those of the antarctic 
members of the genus. As in other spe- 
cies of Nothofagus broad, scalelike stip- 
ules, peltate in shape and glandular at 
the base, are a conspicuous feature of the 
younger shoots, partially investing the 
young foliage leaves and the flower buds, j i 

The anatomical features of the leaves : 1 

of these beeches have already been de- n 

scribed and compared with those of 
other evergreen species in the genus. 
Surnmarized, they include: (a) heavy Tj 

cuticularization ; (b) lignification of the 
cells of both the epidermal and the hypo- , ^ 

dermal layers, the latter frequently sev- 
eral layers in extent; (c) grouping of hy- 
podermal cells into ribs in association 
with the vascular tissues; and (d) occur- 
rence in the larger-leaved species of 
scalarifqrm perforated transfusion ele- 
rnents bordering, or in the immediate 
vicinity of, the sclerenchyma-sheathed ■ 

veins (fig. 19). A 

The four or five distinct species repre- f ,' 

sen ted in this New Guinea collection are L I 

all characterized by a thick, scaly hi- 

P 
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valvate cupule, the segments of which 11115, 1^369)? all three may be of the 
may be free almost to the base of the flattened two-winged type and all ori- 
fruiting head or joined almost to the rim ented diagonally to the involucral lobes 
of the spreading valves (fig. 14). This (e.g., Brass and Versteegh 11363), il- 
funnel-formed cupule may inclose either lustrated in section in figures 28“33. 
a solitary flattened and two- winged nut- In their bilobed involucres and pre- 

let (e.g., Brass and Versteegh 12673, dominantly bicarpellate dimerous flo- 
11333)7 illustrated in section in figures rets, the latter frequently reduced to a 
34“37j ox a group of three, in which the solitary flower per cymule, the New 
nutlets are associated, two trigonous and Guinea beeches exhibit greater evidence 
three- winged with one flattened and two- of specialization than is apparent in the 
winged (e.g., Brass and Versteegh more typical members of the genus, i.e., 



Figs. 34-37 . — Noihafagus (Br.a.ss and Versteegh 11335) sp. nov,, Netherlands New Guinea, successive 
transections of unifiorous pistillate inflorescence characteristic of species. X 13. AXi, vascular cylinder of 
primary floral axis; AX2, vascular units of modified secondary axes; secondary bract; FLi, primary 
floret of cymule; GL, gland; /iVF, one of segments of bilobed cupule; 5 C, involucral leaves.) 
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those native to antarctic South America 
and to the Australian-New Zealand area. 
The latter, in their predominantly sm s l l 
evergreen leaves and tricarpellate florets 
the pistillate flowers and the fruits as- 
sociated usually in groups of three with- 
in a woody and conspicuously glandular 
four-valved involucre — exhibit a com- 
bination of characters which, in the 
opinion of the writer, is the most primi- 
tive to be found in the existing members 
of the beech series, if not in the entire 
Fagacean assemblage. 

The morphological features of the 
flattened dimerous floral types, predom- 
inating in the New Guinea beeches, are 
about as we find them in the median 
floret of the more typical triflorous in- 
florescences in the genus (figs. 20-25). 
The ovary wall is thinner, however, and 
lacks the woody tissue characterizing 
other species of Nothofagus; likewise, 
there is a noticeable absence of sclerotic 
tissue in the thick involucral valves. The 
multicellular resin-secreting glands, 
borne dorsally by the involucral leaves of 
most of the beeches of the southern 
heimsphere (figs, i, 8, 10), are in the New 
Guinea species borne ventrally by the 
involucral scales (figs. 29, 34). 

In the triflorous pistillate inflores- 
cences the vascular supply of each of the 
broad semicircular involucral valves 
(figs. 28-33) is seen to consist of a rather 
loosely organized core of vascular tissue 
and, extending to either side of this, of 
numerous bundles which spread fanlike 
from the point of their divergence from 
the vascular cylinders of the secondary 
axes of the dichasium. These bundles, re- 
inforced by the traces of the involucral 
leaves, may be interpreted as the dis- 
placed vascular elements of the highl y 
modified tertiary branches of the inflo- 
rescence. Likewise, on the basis of vascu- 
lar organization, it seems evident that 
the involucral valves of the single-flow- 


369 

ered cymules in this group (figs. 34-37) 
bear the same relationship to the primary 
axis of the inflorescence that the second- 
ary axes bear in the more typical three- 
flowered cymules. There can be little 
doubt, moreover, that each of the cupule 
segments of the bivalved uniflorous spe- 
cies of Nothofagus represents one of the 
greatly modified secondary axes of a 
dichasial inflorescence. In the New 
Guinea species of Nothofagus, reduction 
and general modification of an originally 
more complex dichasial inflorescence 
have extended not only to tertiary but in 
certain cases even to secondary units, the 
florets of which have either been lost or 
greatly modified in the process of reduc- 
tion of the inflorescence. 

The vascularization of the pistillate 
flowers, as does the manner of origin of 
placentae and ovules, follows the same 
basic plan as that of other species of the 
genus. 

Summary 

I. Anatomical features, not hitherto 
reported, found to characterize the foliar 
organs, expecially of the evergreen spe- 
cies of the genus Nothofagus, include: {a) 
heavy cuticularization; {h) lignification 
of the cells of both the epidermal and the 
hypodermal tissues, the latter occasion- 
ally several layers in extent; (c) grouping 
of hj^odermal cells into ribs in associa- 
tion with the vascular tissues; and (d) 
occurrence in the larger-leaved species of 
scalariform-perforated transfusion ele- 
ments bordering, or in the immediate 
vicinity of, the sclerenchyma-sheathed 
veins. 

2. Internal morphological characters 
in the flowers and fruits, which have been 
determined to be sufficiently constant in 
nature to supplement external morpho- 
logical characters in a definition of this 
genus, include; (a) the occurrence of gen- 
erally heavy, though variable, amounts 
of sclerotinization both of the ovary wall 
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and of the cupular valves; (6) a distinc- 
tive type of origin and vascularization of 
the placentae; (c) the occurrence of dis- 
tinctive multicellular resin-secreting 
glands in association with either the dor- 
sal or the ventral surfaces of the in- 
volucral scales, the cupules of certain of 
the species — in their peculiarities of 
glandular structure — bearing a striking 
resemblance to the gland-bearing husks 
enveloping the seeds of the Lyginop- 
terideae, 

3. The anatomy and morphology of 
the flowers and inflorescences of species 
of this genus furnish evidence in support 
of (a) the origin of the basic triflorous in- 
florescence characterizing the Fageae 
from an ancestral many-flowered dicha- 
sium, the individual florets of this hypo- 
thetical cyme being trimerous and prob- 
ably bisporangiate, and of (6) the evolu- 
tion of the lobular type of cupule in as- 
sociation with the pistillate florets as the 
product of reduction and general modifi- 
cation, including fusion, of sections of 
this originally more complex cymose in- 
florescence, such modification accom- 
plishing greater protection for a few of 
the more advantageously located florets 
and fruits. 


4. The beeches from Netherlands New 
Guinea, concerning which there has been 
some question as to position in the 
Fagacean series, have been found to ex- 
hibit a combination of morphological 
characters in their foliage and reproduc- 
tive structures which is distinctly that of 
Nothofagus, although in certain respects 
they are sufficiently unlike the more 
typical members of that genus to justify 
their reference to a new section of the 
evergreen beeches. 
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fessor of Botany, Harvard University, 
for the generous loan of herbarium mate- 
rials as well as for valuable suggestions in 
the progress of this work. The writer is 
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and to Dr. C. A. Metcalee, Keeper of 
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MORPHOLOGY OF SPORE FORMS AND HETEROECISM OF THE 
GIANT BAMBOO RUST, DASTURELLA DIVINA 

M. J. THIRUMALACELAR, m. j, narasimhan, and k, s. gopalakrishnan 


Introduction 

Leaf rust on giant bamboo (Dendro- 
calamtis strictus Nees) has recently been 
decribed by Mundkur and Kheswalla 
(6) as belonging to a new gmm Dastu- 
rella and as a member of the tribe 
Raveneliae of Dietel (4). It had pre- 
viously been described by Sybow (7) as 
Angiospora divina, based on collections 
made by Dr. R. N. Tanbon at Majhga- 


wan, India, the host being tentatively 
identified Sis Bambusa sp. In a re-exam- 
ination of the material, Munbkur and 
Rheswalla found that the teiial heads, 
instead of being nonerumpent and lentic- 
ular as in the genus Angiospora Mains, 
were distinctly erumpent and formed 
flabelliform crusts. As the rust was thus 
distinct from any species of Angiospora, 
they proposed the new genus Dasturella 
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for its accommodation. The host was re- 
identified as Dendrocalanius strictus. 
Dasturella divina, which is the type of 
the genus, has been recorded from Ton- 
kin and Japan. 

In the course of studies on the rust 
flora of South India, the authors en- 
countered large tracts of forests in My- 
sore with the giant bamboo being heavi- 
ly parasitized by a leaf rust. The rust 
was found to be Dasturella divina, and 
the identification was checked by com- 
paring it with the type from Herbarium 
Cryptogamae Indiae Orientalis, New 
Delhi. Parts of the districts of Kadur and 
Shimogga in Mysore have large areas 
covered with the giant bamboo, and a 
brief survey of these areas indicated the 
presence of the rust over a wide range. 
In the present investigation the writers 
have been successful in establishing the 
heteroecious nature of the rust by a series 
of field studies and inoculation experi- 
ments. The morphology of the spore 
forms has been studied with a view to 
adding more information on the diagnos- 
tic characters of the genus and species. 

Lii'e-history and hosts— Dasturella 
dimna and D, hambusina Mundkur & 
Khes. were described as hemi forms, the 
pycnial and aecial stages being unknown. 
Z). divina which occurs in Mysore is 
foliicolous. The uredial stages of the 
rust develop in abundance on the leaves 
of the giant bamboo soon after the com- 
mencement of the southwest monsoons. 
The infection spots are evident as minute 
linear specks on the lower sides of the 
leaves. The sori are erumpent, striate, 
and coalesce with one another (fig. i). 

The uredia appear macroscopically as 
rusty-brown striate sori throwing up 
large masses of yellowish-brown spores. 
The rust increases in quantity, as the 
season advances, through the produc- 
tion of secondary uredia. About the be- 


ginning of October, or sometimes as late 
as November, the telia are „first noticed. 
They are developed at first within old 
uredia but later are formed independent- 
ly. The telia are macroscopically black, 
arising singly or in groups, and appear as 
flattened pinheads in surface view (fig. 
5 )- _ _ 

Since pycnial and aecial stages were so 
far unknown for the genus Dasturella^ an 
attempt was made, in surveying the large 
areas of bamboo forest affected by D. 
divina^ to find these stages. Since they 
are not present on bamboo, attention 
was focused on a number of unconnected 
aecia occurring on various hosts in the 
jungle. The possible oversummering of 
the rust in the uredial stage was not 
studied in detail. Since the bamboo 
shoots remain defoliated for long periods, 
at which time no viable urediospore 
inoculum could be collected, chances of 
the rust perennating in the uredial stage 
appeared to be slight. 

During a number of excursions made 
by the senior author in the bamboo 
forests of Mysore, there was noticed a 
profusion of certain plants bearing 
aecial stages in consonance with the 
abundance of giant bamboo bearing 
uredial and telial stages. In a survey of 
the locality between Sacrabyle and 
Megaravalli in Shimogga district, My- 
sore, he observed the occurrence of an 
aecial stage in great abundance on 
Randia dumetorum Lam., a member of 
the Rubiaceae. It was always associated 
with the giant bamboo rust in the same 
locality. Only pycnial and aecial stages 
were present on Randia. The infections 
produced considerable malformations. 
Pycnial and aecial stages on this host 
appeared in May and June and always 
preceded the appearance of the rust on 
giant bamboo following southwest mon- 
soons. Plants of R. dumetorum which 


Figs. i-7--Fig. i, infected leaves ol Dendrocalamus stricius. Natural size. Fig. 2, urediospore. Xiooe 
tpr' uredium. Xsoo. Fig. 4, germinating urediospore. Xiooo. Fig. 5, surface view 0 

tehum. X80. 1 -ig. 6, section through young telium. X500. Fig. 7, mature telium. Xzto. 
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grew in places where the giant bamboo 
did not show rust were all free from this 
type of infection. This continued as- 
sociation of the rust on Randia with the 
giant bamboo rust led the senior author 
to suspect that they might be causally 
connected. Inoculation experiments con- 
firmed this surmise and have established 
the fact that D. divina is a heteroecious 
eu-form with uredia and telia on the 
giant 'bamboo and pycnia and aecia on 
R, dumetorum. 

Material and methods 

Material for morphological studies of 
the spore forms were fixed in formalin-' 
acetic-alcohol and in Karpechenko’s 
modification of Navashin’s fluid. Micro- 
tome sections 8-10 ju thick were stained 
by Newton’s gentian-violet method, with 
light green as counterstain. The aecio- 
spores, urediospores, and a few of the 
teliospores were germinated and stained 
by the method suggested by the senior 
author (lo). Inoculation experiments 
with urediospores and aeciospores were 
carried out following the usual proce- 
dures. Pieces of leavesbearingmature and 
freshly erupted uredia and aecia were 
rubbed on leaves of the plant to be in- 
oculated after first moistening the latter 
with a spray of water. The inoculated 
plants were inclosed in moist chambers 
for 48 hours, after which they were 
transferred to the greenhouse for obser- 
vation. The procedure suggested by 
Clinton and McCormick (3) for rust 
infection experiments in Petri dishes was 
carried out in a number of cases, especial- 
ly in conducting aedospore inoculations 
of bamboo leaves, This method reduces 
the possibility of contamination from air- 
borne spores, but its success usually de- 
pends upon the length of time over which 
excised leaves are able to retain their 
fresh state in moist chambers. The 


bamboo leaves remained fresh for nearly 
i| months — long enough for successful 
inoculations to be confirmed. 

Observations 

Life-cycle on giant bamboo 

Uredia.— Some of the morphological 
details of the spore forms of uredia and 
telia were given by Mundkur and 
Kheswalla (6). Uredia are developed in 
June-July. The sori are hypophyllous, 
minute, and striate. Sections through the 
uredium indicate that the sorus is sub- 
epidermal (fig. 3), becoming erumpent 
by the rupture of the epidermis. The 
sorus is lined along the margin by a 
fringe of cylindric, deeply incurved para- 
physes which inarch over it. The para- 
physes are hyaline to pale yellow, 
rounded at the apex, and possess a cen- 
tral core. The urediospores are sessile, 
cinnamon yellow, rounded at the apex, 
obovate to ellipsoid, and measure 17- 
2 sXiS”24ju. The ,germ pores are dis- 
tinct, and the epispore is covered with 
dense echinulations (fig. 2). 

The urediospores germinate readily 
when placed in moist chambers, and 
germ pores become clearly visible as the 
germ tubes emerge (fig. 4) . The two 
nuclei and the cytoplasmic contents of 
the spore migrate into the germ tube. 
The urediospores readily infect the 
healthy leaves of giant bamboo, causing 
secondary infections, and are mainly re- 
sponsible for the spread of the disease. 

Telia. — Telia follow uredia in de- 
velopment in October, appearing as 
tiny black specks, and can be differ- 
entiated with the aid of a hand lens from 
infection spots of FhyUachora sp. which 
sometimes occur on the same leaves. 
They arise either singly or in groups. 
Stages in the development of telia are as 
follows: From the mass of hyphae com- 
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posing the basal hymeiiium beneath the 
epidermis^ a single row of one-celled 
teliospores is first differentiated. They 
become laterally coalescent to form a 
Melampsora-likt crust (fig. 6). More 
spores begin to be differentiated from 
the base, resulting in the production of 
chains of teliospores. The spores so 
produced do not become separated from 
one another but remain fused both lat- 
erally and at either end to form a fiabelii- 
form crustose head (fig. 7), The epi- 
dermis is ruptured and the telial column 
becomes exposed. No paraphyses are as- 
sociated with the telia that are developed 
independently, but in those cases in 
which telia are formed within old uredia 
one can observe the marginal fringe of 
paraphyses. A thin hyphal layer en- 
velops the entire telial head. 

Cytologieal studies indicate that 
young teliospores are binucleate but that 
in mature spores the two nuclei fuse (fig. 
6). The mature spores are rectangular to 
cuboid, yellowish brown, smooth, and 
measure 12. 5-30X10-16 with a mean 
of 20X12.5 jLt. The topmost spores of 
each chain possess apical thickenings 
which fuse with one another to impart 
additional firmness to the telial head. 
MuNDKun and Kheswalla studied the 
telium from herbarium material and con- 
sidered that it was composed of fascicu- 
late five- to seven-celled teliospores 
which had coalesced laterally to form a 
flabelliform crust. They were led to this 
conclusion by noticing the plane of cleav- 
age of the spores in the crushed telium. 
It might, however, be pointed out that if 
the teliospores are considered to be five- 
or seven-celled, comparable with the 
condition present in such genera as 
Phragmidium, etc., then all the cells of 
a teliospore must have arisen through 
S 3 ptations of a single teliospore initial 
and must all be of the same maturity. 
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The developmental stages of the telium 
observed in D, dkina in the present 
study have indicated that the teliospores 
are produced in catenations, the oldest 
spore being situated at the outer end 
and the youngest one at the base. A 
similar structure for the telium of D. 
grewiae (Har. & Pat.) Thirunialachar 
has been indicated by one of us recent- 
ly (Ti). The telium should therefore be 
considered as being composed of one- 
celled spores. The teliospore measure- 
ments given by AIundicur and Khes- 
walla (especially the length of the 
spore) refer to the entire teliospore chain 
and not to individual spores. 

Only a few cases of teliospore germi- 
nation have been obsen^ed. The spores 
were found to require a period of rest 
(3 months), and in germination behavior 
they are very capricious. The promy- 
celiuni is external and four-celled, bear- 
ing globular sporidia on short sterig- 
mata. Because of the scarcity of germi- 
nating teliospores, sporidial inoculations 
could not be carried out. 

Lipe-cycle on Randl\ dumetorum 

That the aecial stage on R. dumetorum 
might be causally connected with the 
rust 'on giant bamboo w^'as first surmised 
from field studies and was later con- 
firmed by aeciospore inoculations. Sixty- 
two excised young leaves of bamboo in 
thirty-one Petri dishes were inoculated 
with aedospores from Randia by meth- 
ods already described. The giant bamboo 
leaves were collected from healthy 
culms in localities where there were no 
traces of the rust, and an equal number 
of leaves was set apart as controls. The 
inoculations were made on May 10, 1946, 
when, because of heavy rains, the at- 
mospheric humidity was as high as 90%. 
The temperature in the laboratory 
ranged between 24*^ G. and 30° C, 
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The first sign of successful infection 
appeared on the 17th day after inocula- 
tion as minute discolored spots. These 
gradually changed into olive-yellow stri- 
ate spots by the 2 2d day. About the 
27th or 28th day the sori had developed, 
throwing up masses of urediospores. In 
some cases the time required for the de- 
velopment of urediospores was as much 
as 30-34 days. Urediospores thus ob- 
tained were used in inoculating other 
healthy leaves of giant bamboo, and a 
second crop of media was produced. The 
spores were also compared microscopical- 
ly as to structure and measurements 
with the collections of D. divina oc- 
curring naturally on the host and were 
found to be identical. In none of the con- 
trols was any trace of infection discern- 
ible, and they remained healthy. 

The penetration of the aeciospore 
germ tubes into the giant bamboo leaves 
was studied in sections. No detailed 
studies on the pathological histology 
were made. Sections of bamboo leaves 
fixed 3 days after inoculation with 
aeciospores from Randia revealed the 
penetration through the stomata. The 
germ tube of the aeciospore forms an ap- 
pressorium on the stoma (fig. ii) and, 
after penetration, forms a substomal 
vesicle. Some of the sections of material 
fixed IS days after inoculation showed 
extensive development of intercellular 
hyphae and the organization of the 
uredial initials. 

The rust appears on R. dumetorum 
under natural conditions in May and 
June. At first few leaves are rusted, the 
infection patches appearing yellow and 
hypertrophied. Very soon, however, ow- 
ing to the infection of the meristem in the 
leaf axils, large witches’ brooms showing 
systemic infection are produced. These 
witches’ brooms have short internodes 
and a rosette appearance (fig. 12). The 


bright orange color of the aecia makes 
the witches’ brooms conspicuous in the 
field. 

Pycnia and aecia are developed in 
abundance on the infected parts. The 
pycnia are epiphyllous (in the case of 
leaves, while on the stem they are dis- 
tributed all over), subcuticular (fig. 8), 
and appear on the infection patches as 
tiny orange-yellow specks. They are 
formed by a uninucleate mycelium and 
do not possess conspicuous ostiolar 
paraphyses. The pycniospores are pro- 
duced in abundance imbedded in nectar. 

The aecia are cupulate, hypophyllous 
(on the leaves), orange-yellow, and 
possess well-developed peridia (fig. 9). 
The process of diploidization has not 
been followed. The binucleate basal cells 
abstrict numerous spores in succession. 
Sterile intercalary cells have not so far 
been observed in the spore chains. The 
mature aeciospores are subglobose to 
polygonal, orange-yellow, and show two 
distinct nuclei in stained preparations 
(fig. 10). The germ pores are indistinct, 
and the epispore presents a verruculose 
appearance because of deep pitting. The 
spores measure 18-24 X 15-19 M. The 
peridial cells are angular to fusoid, thick- 
walled, abutting on the sides, smooth on 
the outer surface and densely rugose on 
the inner side, and measure 27-40X 
15-22 AC. 

Discussion 

Regarding the identity of the Aeci- 
dium occurring on the host genus 
Randia^ mention may be made of A : 
randiae P. Henn. (5) and of A . abscen- 
dens Arth. and A. pulverulentum Axth, 
(i). randiae was described from ma- 
terial collected by Ule in Brazil. The host 
was cited as Randia but was later found 
to be Basacantha (8) . A . abscendens and 
A . pulverulentum were recorded from 
Puerto Rico and Mexico, respectively. 


' 'l III Mil 







m 


flfM 


0M. 


ft 

i 


ISS« 



378 


BOTANICAL GAZETTE 


[march 


The former is parasitic on R. aculeata 
and very closely resembles the pycnial 
and aecial stages of DastureUa dimna 
described in the present study. The 
pycnia in A . ahscendens {2) were stated 
to be subcuticular, the aecia being cupu- 
late and peridiate. The measurements of 
its aeciospores and peridial cells differ 
slightly from those of D. divina. An 
Aecidium on R. dumetorum collected near 
Sirsi, India, was placed under ^ . randiae 
by Uppal et al. (12). Since the material 
was not available for comparison, its 
identity is not certain. 

Pycnial and aecial stages having been 
found in the present study, the genus 
DastureUa might be described as follows: 

Dasiimlla Mundkur & Khes walla 

Pycnia subcuticular, conoid, without con- 
spicuous ostiolar paraphyses. Aecia subepi- 
dernial, cupulate, with well-developed peridia. 
Uredia subepidermal, with marginal incurved 
paraphyses and sessile urediospores. Telia sub- 
epidermal, erumpent, reddish-brown, in flabelli- 
form heads; teliospores one-celled, developed in 
basipetal catenations, with the spores united 
both vertically and laterally to form compact 
fasciculate crusts; spores germinating after a 
period of rest by a four-celled external pro- 
mycelium. Type species: DastureUa divim 
(Syd.) Mundkur & Khes. 

The genus Kweilingia Teng has been 
described (9) as parasitic on sp. 

The telia of this rust were stated to.be 
erumpent, confluent, and crustose, with 
teliospores occurring in chains of one- 
celled spores which were laterally united. 
The rust was first described by Teng as 
Chrysomyxa and later on was accommo- 
dated in his new genus Kweilingia. This 
rust is a microcyclic form and is distinct- 
ly separate from DastureUa, 

The genus was placed’ by 

Mundkur and Kheswalla under the 
tribe Raveneliae of Dietel (4) on ac- 
count of its fasciculate sessile telial 
heads, resembling to some extent those 


of Nothoravenelia Diet., a member of that 
tribe. In general, however, the members 
of that tribe possess multicellular telial 
heads which are not only erumpent but 
become pulverulent. The presence of 
cysts in Nothoravenelia, characteristic of 
most of the Raveneliae, would seem to 
remove the genus DastureUa (which lacks 
them) farther from that tribe. It appears 
more reasonable to accommodate it in 
the tribe Ochrosporae of Dietel’s classi- 
fication of the Pucciniaceae along with 
Cerotelium. The characters enumerated 
for the Ochrosporae are the presence of 
subcuticular pycnia, peridiate cupulate 
aecia, uredia with hyphoid paraphyses 
or peridium, and telia in crusts, often 
with catenate spores. All these charac- 
ters are well represented in DastureUa. 
The telial crusts of Cerotelium, although 
columnar at the base, become pulveru- 
lent at the apex, with the spores getting 
separated by germinating. In DastureUa, 
on the other hand, the teliospores are 
firmly united to retain their flabelliform 
shape and are resting spores. 

Summary 

1 . DastureUa divina (Syd.) Mundkur & 
Kheswalla is a heteroecious eu-form with 
uredia and telia on the giant bamboo 
{Dendrocalamus strictus Nees), and 
pycnia and aecia on Randia dumetorum 
Lam. (Rubiaceae). The causal connec- 
tion between the stages of the life-cycle 
on Randia on the giant bamboo was 
first surmised from the continuous as- 
sociation of the two rusts in bamboo 
forests and was later confirmed by in- 
oculation experiments. 

2. Infections on Randia produce 
marked hypertrophy and formation of 
witches^ brooms following systemic in- 
vasion of the host. The pycnia are sub- 
cuticular and conoid, borne on haploid 
mycelia. The aecia are cupulate and 
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peridiate, and the aeciospore chains lack 
sterile intercalary cells. 

3. Uredia and telia occur on the leaves 
of giant bamboo. The sori are striate, 
and morphological details of these two 
spore forms have been given by Mund- 
KUR and Kheswalla. The telia, which 
occur in flabelliform erumpent crusts, 
are, however, contrary to their descrip- 
tion, composed of one-celled, catenate 


spores produced in basipetal succession. 
The accommodation of the genus in the 
tribe Ochrosporae of Dietel is sug- 
gested. Aeciospores from Randia were 
found to infect the leaves of the giant 
bamboo, inciting the rust on the bamboo. 
The period of incubation ranged from 
27 to 34 days. The iirediospores spread 
the disease by secondary infection. 

Malleswaram, Bangalore, India 
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Introduction 

A milestone in botanical research was 
reached in 1939, when White (22), using 
stem tissue from tobacco, and Gauth- 
ERET (4) and Nobecourt (13), using 
cambial tissue from carrot root, showed 
independently that excised plant tissues 
will grow indefinitely if they are re- 
peatedly subciiltured to fresh nutrient 
of the proper constitution. After Haber- 
landt f8) had formulated the idea of a 
plant tissue culture at the beginning of 
the century, the first big step was made 


when Robbins (15, 16, 17) and Kotte 
(ii, 12) attempted independently to 
grow excised root tips and stem tips in 
nutrient solutions of various composi- 
tion. By repeated subculture Robbins 
(16) obtained a decreasing growth rate 
for root tips which suggested that un- 
known material not present in the 
nutrient might be essential for continued 
growth. Although Gautheret (7) 
learned much about nutrient require- 
ments by attempting to grow cambium 
from large trees, White (18, 20, 21) 
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measured growth of excised root tips 
and used new information from nutrition 
and biochemistry to develop a synthetic 
nutrient for the continued growth of 
excised roots. This done, he was able 
to culture excised stem tissues (22). On 
the surface of an agar medium the latter 
grew in an amorphous, undifferentiated 
state, and by periodic subculture to fresh 
nutrient they were shown to possess an 
unlimited capacity for growth. Detailed 
historical reviews have been adequately 
given by White (19, 23, 24). 

Further investigation of the conditions 
necessary for growth of plant tissue cul- 
tures was undertaken by Hildebrandt 
el al. (9, 10). In order to compare various 
treatments, they cut cultures into pieces 
approximately 20-30 mg. in weight, al- 
lowed them to grow for 6-week periods, 
and determined the final fresh weights. 
Through the use of sufficient tissues and 
replications and statistical analysis of 
the data, they were able to work out the 
optimal temperatures, pH, and sucrose 
concentrations (9) and the optimal con- 
centrations of the other constituents of a 
nutrient for tobacco and of one for sun- 
flower callus cultures (10). Their meth- 
ods and results were necessary ground- 
work to further research involving the 
culture of excised plant tissues. 

Thus far work by various investigators 
has resulted in {a) obtaining plant tis- 
sues which will grow in culture and {h) 
determining the optimal conditions for ^ 
their growth. Now that these problems 
have been partially solved, more atten- 
tion can be directed to investigation of 
the nature of the growth process itself 
in cultures of excised plant tissue. The 
experiment described here concerns the 
mechanism of increase in size of a to- 
bacco callus culture and its rate of 
growth. 


Material and methods 

The tissues used were 6-week-old sub- 
cultures generously supplied by Dr. A. C. 
Hildebrandt from a stock culture which 
he obtained in 1941 from Dr. P. R. 
White. White has described (18) the 
isolation of the original cultures from 
fragments excised from a region about 
5 cm. from the stem tip of Nicotiana 
glauca Grab. $ X iV. langsdorffii Weinm. 
cf. Of the original explants, only those 
which actually contained cambial tissue 
continued to grow. 

The nutrient used was the modifica- 
tion by Hildebrandt el al. (10) of 
White’s semisolid medium for tobacco 
callus tissue, the composition of which 
was kindly imparted by Dr. Hilde- 
brandt prior to publication of their re- 
port. Salts and sucrose were reagent 
grade, and redistilled water was used in 
preparing the nutrient. Difco brand 
“Bacto Agar” was used at 0.5% con- 
centration. Experimental cultures were 
grown in the dark in 125-ml. Erlen- 
meyer flasks containing 50 ml. of me- 
dium. For the first 3 weeks they were in 
an incubator at 26° ± i.o*^ C. and were 
then transferred, because of approaching 
summer, to a thermostatically controlled 
refrigeration unit equipped with a heater 
operating at this temperature. 

Tissues were cut into uniform cubes 
by means of a dicer consisting of a set of 
razor blades separated by flat washers 
carefully measured with a micrometer 
caliper and held together with small 
bolts. Two such instruments were made; 
one had a distance between blades of 
1.7 mm., and the other of 2.7 mm. For 
practice a block of potato was cut into 
slices, the slices into shoestrings, and 
the shoestrings into cubes. The weights 
to the nearest o.i mg. of the first thirty 
cubes of potato picked at random from 
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each group are shown in table i. The 
lesser variability of the larger cubes can 
be ascribed to variation in the distance 
between blades during the cutting proc- 
ess; these variations were relatively 
greater in the smaller cubes. 

Experimental 

Fifteen tobacco cultures 10-15 mm. in 
diameter were cut into cubes with dicer 
A, and ten cultures with dicer B ; within 
each size group all cubes were mixed. 
Each culture flask was then inoculated 
with four cubes and was placed in the 
culture chamber. After contaminated 
cultures had been eliminated, 168 cubes 
remained in group A, 71 in group B. At 
weekly intervals four or five culture 
flasks in each group were removed; the 
cultures were rinsed in water, drained on 
moist filter paper in a covered Petri dish 
in order to prevent drying, weighed indi- 
vidually, and preserved in formalin- 
acetic acid-alcohol. Later, in order to 
determine the sequence of events during 
the early stages in growth of a cube, ad- 
ditional cultures were cut with dicer A 
and placed under the same experimental 
conditions. These cultures were removed 
at 2-day intervals over a 12-day period 
and were preserved in Navashin’s solu- 
tion. 

Results 

Morphology and histology 

Growth of the cultures from small 
cubes during the course of 9 weeks is il- 
lustrated in figures 1-4 and is repre- 
sented diagrammatically in figure 16, 
which shows how the cultures changed 
from cubes into somewhat flattened 
hemispheres. 

When a tissue cube was placed on the 
nutrient medium, the first divisions of 
cells occurred by the fourth day (fig. 9). 
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All stages of mitosis were found in the 
upper portion of the cube to a depth of 
about seven cells. Further divisions re- 
sulted in the proliferation of rows of cells 
(figs. 5, 10), which became organized in- 
to knob-like protuberances (figs. 3, 5, 6). 

By the end of the second week the 
cubes had visibly changed in appearance, 
the exposed surfaces being covered with 
small knobs, or bumps, about i mm. or 
less in diameter. iAs the cultures grew 
larger, these knobs increased in number. 


TABLE i 


Dicer 

Distance 

between 

blades 

(mm.) 

Range 
(mg.) ' 

Mean 

(mg.) 

Standard 
■ devia- 
tion 

! 

Coef- 
ficient of 
variabil- 
ity (%) 

A. . . 

B. . . 

1-7 

2.7 

4.0- 6.0 
18.0-22.0 

5-23 
19.60 ; 

0.521 

0.732 

10. 0 

3-7 


On a 4- week-old culture they were 
rounded and more or less regularly 
spaced (fig. 3); later the knobs were 
crowded together as if in competition for 
the surface available (fig. 4). As the cul- 
tures grew still older, the knobs often be- 
came obscured by the presence of dead 
cells, which gave to the surface a white, 
granular appearance. 

Sections through cultures from suc- 
cessive weeks in the growing period indi- 
cated that the knobs increased in num- 
ber in two ways. One method was by a 
process of cleavage (fig. 7), which ap- 
peared to be the result of failure by a 
cell, or a row of cells, at the surface to 
continue dividing. Instead the cell (or 
cells) enlarged greatly, while other cells 
at the sides continued to proliferate. The 
other method was by the formation of 
new knobs in the subsurface of existing 
ones (figs. II, 13). 

Growth of a knob was accomplished 
by divisions of cells at and near the sur- 




ever, occurred tangentially. As examina- 
tion of figures 6 and 12 shows, the knobs 
increased not only in length but in di- 
ameter as well. This was effected by cell 
divisions which occasionally occurred 
radially (figs. 6, 10, 12) and generally in 
the center of the knob. New rows of cells 
were thus formed, which account for the 
fan-shaped appearance of the knobs in 
radial section. As the knobs grew, they 
became appressed laterally, and some of 
the surface cells in the area of contact 
were crushed flat (figs. 6, 12), Such 


gests that some factor is important in de- 
termining where regeneration will occur. 
A meniscus of liquid nutrient reaching to 
the top edge formed around the cube 
soon after it was placed on the agar 
medium. Thus, a low supply of oxygen 
may have been effective in limiting 
growth in the lower portions of the cul- 
ture. Whether polarity plays a role in 
this response, however, either partially 
or even entirely, must await future in- 
vestigation. 

Examination of cross sections of cul- 


f ace (figs. 6, 12). In these divisions new 
walls were laid down tangentially to the 
surface. The newly formed cells toward 
the center of the tissue mass increased in 
size and, in so doing, pushed the actively 
dividing cells out along a radius. In this 
manner a knob continued to grow, its 
cells forming in orderly rows (figs. 5, 6). 
Not all divisions within the knob, how- 


crushed cell material stained deep red 
with safranin. Other cells from ad- 
jacent knobs formed such intimate 
contact that, when a culture was snapped 
in two mechanically, very often the 
split occurred through knobs rather 
than around them. 

That proliferation from a cube oc- 
curred only from the upper portions sug- 


7, 8, and 9 weeks. 

A I. rig. 2, tresniy cut cuoe. rig. 3, tourth week. Knobs on culture are evenly spaced. Fig. 4, eighth week. 

Knobs appear crowded. Figs. 2, 3, and 4, X 5. 
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tures indicated, despite equal amounts 
of growth, that not all the sub-surface 
meristems were in an active state of 
division at the same time (fig. 6). This 
raises the question as to whether the 
knobs grew continuously or in an inter- 
mittent and possibly rhythmic fashion. 
No information is available on this point. 

Differences among cultures 

OF SAME AGE 

The growing cubes, though uniform in 
initial size, varied considerably in weight 
at each sampling (table i). Attempts to 
detect a relationship between histo- 


logical aspects and size to account for 
these variations in amount of growth 
were not very successful. Certain differ- 
ences among cultures were noted, how- 
ever, which might provide clues for an 
explanation of differences in size and 
which may form a possible basis for 
further work. 

^ Differences among cultures at any one 
time were found in their staining reac- 
tions. In some cultures the cell walls in 
the area approximating the original 
cube (i.e., in the portion remaining 
which did not proliferate) were stained 
deeply red with safranin, although the 


Fk. s.— S ection through 3-week-old culture cut perpendicular to nutrient agar surface, showini 
proliferations on culture consist of cells which have been laid down in rows. 
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walls of the newly proliferated cells 
were not. This condition was found in 
large as well as in small cultures of the 
same age. 

Sections through some of the larger 
tissue masses in the older age groups 
showed scattered, apparently dormant, 
meristematic areas or patches (fig. 14) ^ 
although the exact way in which they 
were formed is not clear. Possibly they 
were cell groups which failed to enlarge 
after their formation, retaining a meriste- 


matic appearance. However, a number of 
the larger patches seemed to be some- 
what active. Mitotic figures found oc- 
casionally within these areas indicated 
that new cells were being formed, and 
the crushing of a number of cells around 
these areas indicated that enlargement 
of some of them was also occurring (fig. 
14). Little increase in the weight of 
a culture, however, can be attributed to 
the formation of these groups of meriste- 
matic cells; if these regions had been 


Fig. 6.-~Section through 6-week-old culture cut parallel to nutrient agar surface (one-fourth of section 
shown; lines drawn indicate portion remaining of cube from which culture grew). Orderly growth has re- 
sulted from meristematic activity at surface and subsurface of culture. Knob at upper right is in active state 
of division (see also fig. 12 ), 


I 





Pw 

iWM 
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Pigs. 12-14.— Fig. 12 , knob showing cell divisions at and near surface. By continued division and 
enlargement of cells, structures such as this continue to push out, as shown in figs. 5 and 6. Fig. 13, young 
knob formed below surface and rupturing tissue of old knob outside it. Fig. 14, section through culture 
(from ninth week) having a somewhat less orderly histological pattern than culture shown in lig. 6. Organ- 
ized rows of generally mature parenchyma cells are broken up by patches of meristematic cells formed bv 
con inued division of some cells deep in culture. Note crushing of adjacent cells around lower natch 
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Feg. 15. — Enlargement of young knob in fig. 13, showing “wound tracheids’’ in center. From serial sec- 
tions there was no indication of connection between these groups of cells and other similar groups occur- 
ring elsewhere in the culture. 


growing actively enough to contribute 
appreciably- to the increase in weight, 
breaks and tears, which were not evi- 
dent, would have been found. Some sec- 
tions through large, older cultures had a 
bandlike formation of meristematic cells 
located along the side of a knob where 
adjacent knobs were in contact. Of 
such adjacent knobs the side of only 
one was found to be meristematic. 

The cultures were growing in the dark 


and were therefore dependent on the 
raedium for carbohydrate.. The 'larger 
cultures in a given age group were 
found to contain starch; the smallest 
ones, however, w^ere found to be free 
of starch. The areas containing starch 
were located near the surface in the 
same general position as the subsurface 
meristematic cells. In these areas cells 
with mitotic figures were occasionally 
found among cells containing large 
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starch grains, which is not the normal 
condition in the apical growing region 
of angiosperms. It remains to be seen 
what is the causal connection, if any, 
between the ability to deposit starch 
and the greater growth of the large 
cultures. 



Fig. 16.-— Diagrammatic sections through cul- 
ture illustrating morphological changes during 8 
weeks’ growth. A, section perpendicular to nutrient 
agar surface, 5 , section parallel to nutrient agar 
surface. Cubes changed into somewhat flattened 
hemispheres by growth of knobs in which prolifera- 
tion of cells occurred in and near surface. Concen- 
tric lines represent shape of culture after indicated 
number of weeks’ growth. Radial lines indicate sur- 
face of con.tact betw^een adjacent knobs. Points of 
radial lines nearest center are points at which knobs 
have divided. Where two lines radiate from such 
points, new knobs have been formed. 

Differences FROM White’s 

CULTURES 

The tobacco cultures first isolated by 
White grew in a much less organized 
manner than those here described. A sec- 


tion through an 8-week-old culture illus- 
trated by White (22) shows a relatively 
uniform central area surrounded by 
loosely organized groupings of meriste- 
matic knobs generally separated from 
one another by groups or rows of much 
larger cells. Sections through our cultures 
show, however, much more evidence of 
growth in an orderly fashion, whereas 
growth in White’s original cultures 
seems to be more randomized. The rea- 
sons for these histological differences are 
not clear. The fact that White’s cultures 
grew in the light rather than the dark 
may, however, be a factor. 

Another difference between the two 
sets of cultures concerned the presence 
of differentiated cells of the wound tra- 
cheid type. Whereas in White’s cultures 
these were present as “isolated” cells, 
here serial sections indicated that at 
least for short distances many of these 
cells were connected together and simi- 
larly oriented. Figure 15 indicates that 
the formation of these cells may occur 
very early in the development of a newly 
formed meristematic knob. 

Weights of cultures 

The weights of the cultures increased 
with time, but the increase of the largest 
culture from each weekly sample, in both 
the A and the B groups, was much 
greater than the average increase for each 
group respectively (table 3). In group A 
after 9 weeks there had been an 18-fold 
increase in mean weight, while the larg- 
est cultures showed a 34-fold increase ; in 
group B after 5 weeks there had been a 
4.8-fold increase in the mean, and a 
6.1-fold increase in the largest cultures. 
This variance also increases with time 
as the cultures grow. Only three cubes in 
group A and one cube in group B failed 
to grow at all. 

When the weights of the largest cul- 





1947] 


CAPLIN— TISSUE CULTURES 


389 


# 


i 

f 


tures from each weekly group sample 
were plotted, it was discovered that they 
fell in regular logarithmic relationship to 
one another. This indicates not only that 
growth was proportionately progressive 
but that the largest culture in each week- 
ly sample of twenty cultures had the 
maximum growth rate in its group; it 
also had the same growth rate as the 
largest culture from each successive 
weekly sample. Each point of each 
growth curve in figure 17 represents, 
therefore, the growth attained by a 
single culture of maximum gro^wth rate 
under the conditions of the experiment. 
The largest cultures in successive weeks 
in the A and B series are shown in 
figure I . The growth curve of the A cul- 
tures shows an anomalous weight at 2 
weeks, which at present cannot be ac- 
counted for except by assuming that the 
particular culture up to that time had 
a growth rate the same as the largest 
cultures in the other 'weeks and that its 
initial weight (which was not measured) 
was approximately 20% greater than the 
largest measured initial weight at time of 
inoculation. 

Discussion 

Tissue growth and compound- 
interest LAW 

Blackman (i) has interpreted the ad- 
dition of new material by a plant in terms 
of the compound-interest law. The equa- 
tion which Blackman found applicable 
for the growth of an annual plant is 

Wi=Woe^^, 

where Wi is the final weight, PFo is the 
initial weight, e is the base of natural 
logarithms, f is the rate of interest, and 
t is the time. The rate of interest is ex- 
pressed as percentage increase per day. 
It is considered by Fisher (3) not only 


to be a valuable index for comparing the 
efficiency of different plants over com- 
parable times and phases of develop- 
ment but as the correct measure for the 
mean value of the relative growth rate 
over any period, long or short. For a 
constant growth rate during a time inter- 
val this would be a way of describing 
numerically the relative rate of growth; 
for a fluctuating or changing rate of 
growth during the time interval, such as 
the alternating growth rate in day and 
night or a change in average daily 



Fig. 17. — ^Log of wet weight in relation to time 
of largest cultures in A and B series. 


growth rate during a growing period, 
this would represent an average relative 
rate of growth for the period. Blackman 
found that rates of interest for a number 
of plants, calculated from the data of 
other workers, ranged from 10.6 to 
20.5% per day. 

The use of Blackman’s formula ap- 
pears to be particularly applicable for 
describing the growth of the writer’s 
tissue cultures, since under the easily 
maintained uniform conditions of the 
experiment the weights of the largest cul- 
tures appear for the first 5 or 6 weeks to 
indicate constant exponential growth. 

Applying the formula, which is more 
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convenient in the form log^ (Wi/Wo) = 

rl, r may be calculated as shown in 
table 2. 

I'elative growth rates of 6.3% and 

5-15% per day represent the maximum 
rates of growth of the cultures of differ- 
ent initial size under the conditions of 
the experiment. It should be noted here 
that the tissues were not subcultured 
weekly but were growing continuouslv in 
one place on the nutritive medium. ' 

Thus far little attention has been given 
to the quantitative interpretation of the 
growth rates of plant tissue cultures. 

TABLE 2 
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Group 

No. of 
days {/) 

Relative 

increase 

r 

A 

42 

35 

14.2 

6.1 

0.063 

B 


0-051$ 


However, some data showing weight in- 
crease of tissues in a given time are avail- 
able. Nobecourt (14) reported that a 
i-mg. fragment of carrot root tissue in- 
creased to i8s mg. in 5 months, with a 
transfer to fresh nutrient after the first 
3 mon&s. The rate of increase calculated 
from Blackman’s formula was 3.48% 
per day. Gautheret (5) measured the 
increase in weight during the eighth 
monthly passage of eight pieces of carrot 
root tissue. These varied in size at the 
beginning of the culture period from 50 
to 180 mg. Average rates of increase for 
58 days ranged from 2.8 to 4.9% per day. 
Data on three tissues from the ninth 
passage were also given. In 18 days the 
most rapidly growing culture grew from 
^^8 mg. to 445 mg. — an increase of 
7-05% per day. Later he reported that a 
o-S-mg. fragment of carrot tissue in- 
creased to 15 gm. in a period of 10 
months— an increase of 30,000 times. 

I his represents an increase of 3.4% per 
day. Since nothing is known in these 


cases concerning the growth curves dur- 
ing the culture period, it is assumed that 
these were the average growth rates and 
that the maximum rates of growth may 
have been greater. However, the calcu- 
lated figures represent the maximum 
lates of growth if the rates of increase 
were constant. 

In his paper describing the first suc- 
cessful culture of Nicotiana callus, White 
(22) reported an average 3-fold increase 
per passage of 7 days. No figures were 
ated. Growth on this basis is a rate of 
increase of 15% per day, a figure com- 
parable with that for the relative growth 
o an intact plant. Additional informa- 
tion concerning growth rates in plant 
tissue cultures must await further in- 
vestigation. 

Variation within groups in growth 

RATES OE CULTURES 

_ Table 3 shows that weight s of cultures 
in groups A and B increased progressive- 
ly in variability as the experiment pro- 
ceeded. Initially aU the cultures within 
each group were approximately the same 
size and shape. Had they been growing 
at the same rate, one would, at the end of 
a growing period, expect the variability 
of the cultures— expressed in standard 
deyiation-to increase only in proportion 
to the increase in weight. The coefficient 
of variability would therefore have re- 
mained constant. This, however, was 
not the case. As the cultures increased 
m age, their variability increased con- 
siderably in both groups A and B. This 
effect was so pronounced that by the 
end of the eighth week the weight ratio of 
tllG larRGst to thp Qmollac'f ■ . 


the largest to the smallest culture in 
group A was 10:1. 

This increase in variability may be 
accounted for by either one of the follow- 
ing hypotheses: (a) the cultures were all 
growing at different rates or (b) they 
were all growing at the same rates but 
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different cultures stopped growing at 
different times after the beginning of the 
experiment. 

Work on this phase of the problem is 
at present in a preliminary stage. Men- 
tion may be made, however, of an experi- 
ment in which tobacco callus cultures 
having an initial weight of 9 mg. or less 
were grown and weighed individually at 
weekly intervals during the growing 
period. The data collected seem to indi- 
cate that (a) is the correct hypothesis. 
Of fourteen pieces cultured for ii weeks, 
none had stopped growing during that 
time. All cultures had increased pro- 
gressively in weight. At the end of ii 
weeks the ratio of the largest to the smal- 
lest culture in the group was as 2088:210 
mg., or 10: 1. At the beginning of the ex- 
periment these cultures had weighed 8.8 
mg. and 8.4 mg., respectively. Of these, 
one culture had increased 238 times, 
the other only 25 times. It seems, there- 
fore, that small cultures of .this tobacco 
callus possess inherent differences which 
are independent of initial size. 

On the basis of these observations the 
differences in growth rates of initially 
small cultures must be due to inherent 
differences in the tissue cubes at the 
time that they were cut. To what extent 
these differences between tissue cubes are 
associated with their original sites or 
orientation in the tissue mass when cut, 
or with the growth rate of the culture 
from which they were subcultured, or 
to what extent the age of a culture is a 
factor in regulating subsequent growth 
rates, are questions yet to be investi- 
gated. 

Differences in growth rate in 

RELATION TO INITIAL SIZE 
OF EXPLANT 

Examination of figure 17 indicates 
that the growth curves do not have the 


same slope. Cultures of larger initial size 
(B) have a smaller relative growth rate. 
The difference between the tw^o slopes is 
1*15% = < 0.005 for N = 6). Al- 

though this percentage may seem small, 
such a difference can have a profound 
effect on the final weight. As Blackman 

TABLE 3 

Growth of uniformly cut cultures of 

TOBACCO CALLUS 


No. of 
weeks’ 
growth 

No. of 
cultures 
removed 

Weight of 
largest 
culture 
(mg.) 

Mean 

weight 

(mg.) 

Stand- 
ard de- 
viation 

Coef- 
ficient of 
vari- 
ability 
(%) 


A cultures 

0 

20 

6.8 


5.8 

0.61 

10.5 

2 

20 

19-9 


10. 6 

3.28 

31.0 

3 

20 

26.0 


17.6 

4.74 

26-8 

4 

20 

39.0 


IQ. 8 

6.26 

3 X .7 

5 

20 

63.8 


36.6 

16.80 

46.0 

6 

20 

96,7 


46.4 

22.30 

48.0 

7 

16 

119.6 


72.0 

27.60 

37-8 

8 

16 

184.0 


93-0 

37.50 

40.3 

9 

16 

231.4 


105.0 

57.20 

54.5 



34X* 


18X* 


SX* 


B cultures 

0 

20 

19. 1 


17.2 

. 0.75 

4.6 

2 

19 

39-7 


32.7 

3-38 

9.4 

3 

16 

53-8 


43.4 

6.27 

14.5 

5 

16 

116.0 


74-4 

22.30 

30.0 



6.iXt 


4 . 8 Xt 


6.sXt 


* Increase in 9 weeks, 
t Increase in s weeks. 

(i) pointed out, a difference of i% in 
relative rates of growth will cause a 
2-fold difference in final weight at 
the end of 69 days, when the rates of 
growth have remained constant. This 
suggests that cultures of still smaller 
initial weight and possessing the same 
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physiological potentialities would show 
an even greater relative growth rate. 

Gatjtheret (6) has presented evi- 
dence which supports this point of view. 
Using cultures of carrot root tissue, he 
found that the ratio of the final to the ini- 
tial weight of a culture varied inversely 
as the initial weight. From data in 
his earlier paper (5) on carrot tissues 
grown for 58 days, it can be shown by 
arrangement of his data in order of in- 
creasing initial weight— 50, 50, no, 115, 
15°; 155) ibo, and 180 mg., with final 
weights of 585, 735, 1180, 815, 1265, 
1270, and 915 mg., respectively — that 
the relative rates of growth fall into a 
generally descending series as follows: 
4-95. 4-63, 4-10, 3.36, 3.74, 3.62, 3.57, and ' 
2.81%, respectively. 

The concept that cultures of smaller 
initial weight tend to grow relatively 
more rapidly is further supported by 
the work of Btjchsbaxjm (2) in studies 
with embryonic cells of the chick. He 
showed that smaller explants had greater 
relative increase in 48 hours than larger 
explants. He attributed this slower 
growth in larger explants to the inhibit- 
ing effect on peripheral cells of the more 
unfavorably located interior cells, owing 
to slow diffusion of nutrients and meta- 
bolic products. 

That these factors operate in plant 
tissue cultures as well is doubtless true. 
However, they do not appear to be the 
complete answer, for, as figure 17 indi- 
cates, cultures of the same weight from 
each of the curves maintained different 
growth rates for well over 3 weeks. Yet 
there is every reason to believe that the 
cultures of maximum growth rate in each 
group were initially of the same physio- 
logical constitution and differed only in 
size. This difference in growth rate may 
perhaps be accounted for by the differ- 
ence in shapes of cultures of similar 


weight in the respective groups; at 20 
mg., for example, culture B was ap- 
proaching a hemisphere in shape, while 
culture A was still a cube. 

Summary 

1 . The growth in darkness of tobacco 
stem callus tissue on nutrient agar 
medium was investigated. Growth was 
studied during a period of 9 weeks in 
cultures taken from stock subcultures 
which were 6 weeks old. The experi- 
mental cultures were prepared by cutting 
the stock cultures into uniform cubes of 
two different sizes by a technique which 
is described. 

2. Increase in size of the cultures re- 
sulted from the proliferation of small 
knoblike protuberances in which divi- 
sion and enlargement of cells was occur- 
ring very close to the surface. Knobs 

• increased in number in two ways : 
(a) by cleavage and (J) by the formation 
of new growing centers in the subsurface 
of older knobs. An account of the his- 
tology of the growing cultures is pre- 
sen ted. 

3. Though uniform in initial size and 
under constant cultural conditions, the 
cultures within each series grew at 
different relative rates. Thus there were 
differences inherent in the initial cul- 
ture pieces which determined the subse- 
quent rates of growth of the cultures. 

4. Over and above the large amount of 

variation in growth rate of cultures 
started from pieces of the same size, 
there were differences in growth rate 
attributable to the initial size of the 
explant. The smaller the explant, the 
greater was the relative growth rate. 

5. For each series growth curves were 
plotted by reference to the largest cul- 
ture at any time. In these terms the 
cultures increased exponentially with 
time for 5-6 weeks. Growth rates are 
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described in terms of Blackman's for- 
mula. 

The writer is indebted to the various 
members of the Department of Botany 


for their advice and assistance during the 
course of the work and in the prepara- 
tion of the manuscript. 

Department of Botany 
University of Chicago 
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DEVELOPMENT OF OVULE AND MEGAGAMETOPHYTE 
IN POMEGRANATE 

J. R. KING* 


Introduction 

There appeared in 1935 a publication 
entitled “Development and vascular 
anatomy of the flower of Punica grana- 
tuni L.” by Chih-Lung Tung (8). Just 
prior to this, there was completed in the 
Division of Pomology at Davis a similar 
study by W. B. Hewitt (unpublished). 
Since these two studies substantiate each 
other almost completely, it has been con- 
sidered unwise to publish the work of 
Hewitt. Tung reported, however, that 
the outer, or upper, whorl of car- 
pels arises immediately after the initia- 
tion of the petal primordia and numbers 
from four to eight; Hewitt found that 
this whorl arises at about the same time 
as the petal primordia and numbers four 
to twelve. Likewise, Tung mentioned 
that the innermost, or third, whorl of 
carpels consists of only one carpel or is, in 
most cases, absent. Hewitt, on the other 
hand, found more than one carpel in the 
innermost whorl, but seldom were there 
more than two. 

Since neither of these workers investi- 
gated the development of the megaga- 
raetophyte in pomegranate, such a study 
was made here before the war. This paper 
is a report of that work and serves to 
round out more completely the story of 
floral development in the pomegranate. 

Investigation 

The material used was collected from 
trees of the Wonderful variety growing 
near the University Farm at Davis. The 
ovaries were fixed in both Navashin’s 

' Assistant pomologist, University of California, 
Davis, Calif. 


fluid and formalin-acetic acid-alcohol, 
dehydrated and cleared by the alcohol- 
xylol method, and imbedded in paraflin. 
Sections were cut 12-18 m thick, de- 
pending upon the size of the material, 
and were stained with either iron 
alum-hematoxylin or safranin and fast 
green. 

The ovules arise opposite vascular 
branches and are first indicated by the 
division of one to several cells in the 
hypodermal layer. These small groups of 
ovule initials are distributed indetermi- 
nately over the entire placental region of 
the carpel. Succeeding divisions cause a 
protrusion into the locule. These occur- 
rences are substantiated by Tung (8) 
and in the unpublished work on pome- 
granate by Hewitt. 

The young ovule is projected by the 
short funiculus beyond the placental sur- 
face. Greater growth on one side, how- 
ever, causes the ovule gradually to bend, 
so that at maturity it is in the anatropous 
position. The bending may be either to 
the left or to the right. Usually, however, 
the ovules in one half of the locule are 
turned in the opposite direction from 
those in the other half. Ovules near the 
center of the carpel are older than those 
near the outer edges. 

The origin of - the inner of the two 
integuments is first evident as a division 
of an epidermal cell of the ovule followed 
by division of adjacent epidermal cells 
at the same level. This ring of meriste- 
matic cells divides toward the tip of the 
ovule. The ovule, at the time of initiation 
of the inner integument, has curved until 
the tip is almost parallel with the pla- 
centa. The outer integument is initiated 
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in the same manner and at approximate- 
ly the same time as the inner, but origi- 
nates four or five cells below the latter 
(fig. i). As the ovule continues to de- 
velop, the greater growth of the outer 
integument causes it to surpass the in- 
ner. 

j The archesporial cell arises usually as 

the fourth cell beneath the epidermis 
soon after the integuments begin growth. 
It is distinguished by its large size, dense 
cytoplasm, and large centrally placed 
I nucleus. The archesporial cell becomes 

the megaspore mother cell directly, and 
no parietal tissue is formed. Such a 
change is accompanied by increase in 
size and by elongation (fig. 2). Its fre- 
quent later position deeper in the nucel- 
lar tissue is brought about by division of 
overlying nucellar cells rather than by 
the formation of parietal cells. 

The meiotic division of the megaspore 
mother cell in the formation of the two 
daughter cells (fig. 3) is accompanied by 
a slight breakdown of surrounding nucel- 
1 lar tissue. The second division results in 

' a linear group of four megaspores. 

; Only the chalazal megaspore takes 

* part in the formation of the megaga- 

, metophyte. The upper three megaspores 

are nonfunctional and gradually degen- 
? erate into dark staining, structureless 

masses (fig. 4). They later disapptear, and 
their places are taken by the developing 
megagametophyte. Although the early 
changes and nuclear division of the one- 
nucleate megagametophyte could not be 
’ followed closely, the two-nucleate con- 
i' dition presents a much enlarged megaga- 

( metophyte both in length and in width. 

The two free nuclei, one in each end of 
the developing megagametophyte, are 
! separated by a large vacuole (fig. 5). The 

;; second nuclear division, which results in 

the four-nucleate condition, is accom- 
j, panied by further increase in size of the 
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megagametophyte and of the vacuole. 

The four free nuclei are usually present 
as a single pair in each end of the 
megagametophyte (fig. 6). Occasionally, 
however, they assume positions about 
equally distant from one another. 

As the ovule matures, the outer integ- 
ument exceeds the inner in length and 
width and finall}? envelops the ovule, ex- 
cept at the micropyle. The outer integu- 
ment is usually from four to eight cells 
in width midway between the micropyle 
and chalaza but widens toward the 
micropylar end. It may in later stages 
separate from the nucellus and inner 
integument. The latter two, however, 
remain appressed except at the micro- 
pyle. The inner integument remains two 
cells wide for most of its length but 
broadens near the micropylar end. 

The nucellus gradually disintegrates as ' 

the megagametophyte enlarges; how- ; 

ever, when the latter is mature, nucellar 
tissue is stiU present in scattered areas. 

The vascular trace, which enters the 
fimiculus and extends through the raphe, 
splits into three or four branches as it ^ 

nears the chalaza. Each branch diverges 
usually at about the same level.. The |i 

main trace continues through the raphe I 

and into the chalaza, where it may | 

branch again. li 

Nuclear division in the four-nucleate ( 

megagametophyte results in a typical \ 

eight-nucleate condition, with a group 
of four nuclei in each end separated by a ; 

large vacuole. Early migration of one ; 

nucleus from both the micropylar and t 

the chalazal regions toward the center of 
the megagametophyte is followed soon 
by cell-plate formation w^hich results in 
a typical seven-celled, eight-nucleate 
megagametophyte, although the antip- 
odal cells degenerate very early (fig. 7). i; 

The shape of the mature megagameto- 
phyte varies considerably, especially in (i 
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Figs. 1—7 • Camera iucida drawings. Stages in development of ovule and megagame tophyte. Fig. i, 
developing ovule showing origin of inner and outer integuments. X57S. Fig. 2, megaspore mother cell in 
young ovule develops directly from archesporial cell without formation of parietal tissue. X700. Fig. 3, 
two daughter cells following reduction division of megaspore mother cell. X700. Fig. 4, three degenerating 
mepspores and one developing megaspore in linear arrangement. These four megaspores result from second 
meiotic division of spore mother cell. Developing chalazal megaspore becomes young megagame tophyte. 
X 700 - Fig. s, two-nucleate megagametophyte, X57S- Fig. 6, four-nucleate megagametophyte. XS7S. 
Fig. 7, seven-celled, eight-nucleate megagametophyte, consisting of two synergids, one egg, two polar 
nuclei, and three antipodals. Antipodal cells shown have already begun to degenerate. X57S. 
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width. More often it is rather broad just 
below the center, then tapers toward 
both the micropylar and the chalazal 
ends. 

The two synergids of the egg appa- 
ratus are elongated. The nucleus of each 
lies in the lower portion and on the same 
focal plane. A conspicuous vacuole, 
either above or below the nucleus, was 
very seldom evident; however, a less 
dense cytoplasmic area usually does exist 
above the nucleus. 

The egg is frequently situated slightly 
below and midway between the two 
synergids; however, this position varies. 
In some instances it may be found be- 
neath either the right or the left syner- 
gid. In Carya glabra the synergids have 
occasionally been found to the left of the 
egg when the section is cut perpendicular 
to the plane of the middle septum (4). 
The egg is usually not distinct from the 
synergids in having a larger nucleus or 
more dense cytoplasm. A similar condi- 
tion exists in Saxifraga (i). The egg 
nucleus in pomegranate varies in size. 
Sometimes it is larger and sometimes it 
is smaller than those of the synergids or 
polar nuclei. 

The two nuclei which are to become 
the polar nuclei migrate early from each 
end of the megagametophyte and lie 
close to one another, usually near the 
center of the megagametophyte They 
fuse before fertilization. Frequently they 
are found in contact or fused near the 
side of the megagametophyte or in the 
micropylar end near the egg apparatus, 
as in Lycopersicum (2) . The large nucleoli 
remain distinct after the cells fuse. 

The true nature of the mature megaga- 
metophyte in pomegranate is rather diffi- 
cult to determine because of the early 
beginning of degeneration of the antip- 
odal cells. In all the mature megaga- 
metophy tes observed, at least a slight 


degree of degeneration was apparent. 
The position and appearance of the an- 
tipodals var>' considerably. One of the 
three is usually nearer the chalaza, and 
the group, fonns a triangle. The triangle 
may be inverted in shape, with two antip- 
odals nearer the chalaza than the third. 
Occasionally the three cells are on nearly 
the same level. In any event, degenera- 
tion begins first in the lowest of the three 
cells and is soon followed by degenera- 
tion in the upper ones. The disappear- 
ance of the cell wall is an early indication 
of antipodal cell degeneration. 

Discussion 

ScHNARF (6) in 1931 stated that the 
embiymlogical behavior of the Puni- 
caceae was entirely unknown, and a sur- 
vey of the literature on megagameto- 
phyte development has revealed no refer- 
ence to such studies since that time. It is 
not possible, therefore, now to make 
comparisons with other members of the 
family. The characteristics involved in 
the formation of the megagametophyte 
of the pomegranate are thc *e of the 
^ffiormal” type, which is characterized 
chiefly by the fact that there occur five 
successive nuclear division stages, in the 
origin of the egg cell from the megaspore 
mother cell and also by the fact that only 
one megaspore is involved in the forma- 
tion of the megagametophyte. Consider- 
able variation exists in the various phases 
of this type of megagametophyte de- 
velopment — for example, in the forma- 
tion of the megagametophyte, in the 
divisions of the megaspore nucleus, and 
in the organization of the mature mega- 
gametophyte. 

Discussions of the normal type of 
megagametophyte development and its 
many variations have been presented 
and have been ably reviewed by others 

^3. 5, 7 ). 


i 
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Summary 

The ovule of pomegranate is anatro- 
pous. The formation of the megagameto- 
phyte is of the “normaF’ type, which is 
characterized by the fact that there oc- 
cur five successive nuclear division stages 
in the origin of the egg cell from the mega- 


spore mother cell and also by the fact 
that only one megaspore is involved in 
the formation of the eight-nucleate 
megagame tophyte . 

Division of Pomology 
University of California 
Davis, California 
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ETHER-SOLUBLE ORGANIC ACIDS AND BUFFER 
PROPERTIES OF CITRUS PEELS^ 

WALTON B. SINCLAIR AND DESIRE M. ENY 


Introduction 

The fact that the pH of the peel of 
citrus fruits (pH 5.0, or greater) is 
much higher than that of the corre- 
sponding juices of the pulp (10, ii, 12) 
indicates that the buflFer properties of 
the two systems are quite different. Ow- 
ing to the high pH, the organic acids 
present in the peel exist chiefly in the 
salt form and not in the free state. Fur- 
thermore, the high pH values of the peel 
strongly indicate that the buffer system 
is composed of salts of inorganic acids 
and not of organic acids and their salts. 

Previous investigations (13, 14) have 
shown that the buffer system of citrus 

" Paper no. 553, University of California Citrus 
Experiment Station, Riverside, Calif, 


juices is composed of organic acids and 
their salts and that these juices are simi- 
lar to pure citric acid solutions contain- 
ing equivalent amounts of free acid and 
salt of a strong base with a common 
anion. No positive statement can be 
made with respect to the buffer system 
of the peel. So far as the authors know, 
no thorough study of the buffer systems 
of citrus peels has been made. Such data 
are essential, however, for the under- 
standing of certain physiological relations 
between peel and pulp and for the under- 
standing of the metabolic reactions of 
the peel under storage conditions. 

The present studies were carried out 
to determine what constituents of the 
peel of oranges, grapefruit, and lemons 
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are responsible for the buffer capacities. 
The experiments involved the determi- 
nation of the ether-soluble organic acids 
both in the extract of the fresh peel and 
in the dried peel. The organic acids 
(citric, malic, and oxalic) of the peel ex- 
tract were determined both on a lead 
acetate precipitate and on an ether ex- 
tract. Titration curves for the peel ex- 
tract of oranges, grapefruit, and lemons 
are presented so that a comparison can 
be made between the buffer properties 
and the organic acids that occur in the 
peel. From these data, the relation of pH 
to the free and the combined acids can 
be determined. 

Material and methods 

PrEPARxA.TION of samples 

The samples (fifty to one hundred 
fruits each) of mature navel and Va- 
lencia oranges, grapefruit, and lemons 
were taken from plots of trees located in 
experimental orchards at the University 
of California Citrus Experiment Station 
and in commercial groves in the vicinity 
of Riverside, California. The peel was 
carefully removed from the fruit to avoid 
contamination with the juice. As the 
juice of citrus fruits is high in organic 
acids, contamination of the peel with a 
small amount of juice from the vesicles 
of the pulp would increase excessively 
the total acid content of peel samples. 

The peel extract was prepared by cut- 
ting the fresh peel into small pieces, 
placing them in glass jars with covers, 
and then freezing for 48-60 hours at 
— 25° C. After thawing, the peel was 
quickly ground through a galvanized 
meat-chopper. The juice was extracted 
from this ground mass by means of a 
hydraulic press, at a pressure of 20,000 
Ib./sq. in. The liquid obtained will be 
referred to in the remainder of this paper 
as the peel ^^sap.” 


The dried-peel samples were obtained 
by taking alic|Uot portions of the ground 
peel, and of other peel samples that were 
not frozen, and drying them in a me- 
chanically ventilated oven at 65° C. The 
dried peel was prepared for the analyses 
by grinding to a fine powder in a Wiley 
mill. 

For moisture determinations, known 
amounts of fresh peel were weighed in 
small aluminum containers. 

Chemical methods 

Preliminary experiments early showed 
that the individual organic acids could 
not be determined accurately on the peel 
sap in the presence of the large concen- 
tration of pectin but had to be deter- 
mined on a pectin-free extract. To 
precipitate the pectins, sufficient ethyl 
alcohol was added to a known volume of 
sap to produce a final concentration of 
85% alcohol, and the precipitate was 
separated from the alcoholic solution by 
either filtering or centrifuging. 

Ether liquid extraction.— In the 
use of this alcoholic solution for the iso- 
lation of the organic acids with ether by 
the liquid extraction method, the alcohol 
was completely driven off on a steam 
bath without allowing the solution to be- 
come dry. This was done by evaporat- 
ing to a very low volume, adding distilled 
water frequently, and re-evaporating 
until the solution was free of alcohol. 
The resulting solution, free of both 
pectin and alcohol, was diluted with dis- 
tilled water to the original volume of 
the sap. It was then subjected to a con- 
tinuous ethyl ether liquid extraction in 
a Bailey-Walker apparatus modified to 
include a small funnel and a glass 
thimble to hold the liquid, instead of the 
usual syphon cup. As the funnel rested 
on the bottom of the thimble, the con- 
densed ether passed through the column 
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of the liquid sample, and complete ex- 
traction occurred in between 24 and 30 
hours. A small amount of water was then 
added to the ether extract, and all the 
ether was carefully evaporated off, leav- 
ing the organic acids in the aqueous 
phase. This liquid was filtered and sub- 
sequently diluted to a known volume. 
Aliquots were used for determining the 
ether-soluble organic acids in the peel 
sap. 

Lead acetate precipitation. — In 
supplementary comparative determina- 
tions, the organic acids were precipitated 
by lead acetate from the pectin-free alco- 
holic solution (85%) referred to earlier, 
according to the procedure of Hartmann 
and Hillig (3). The precipitate was 
washed with alcohol, suspended in 
water, and freed of lead by passing H^S 
through the solution. The lead sulfide 
was filtered off and washed with water. 
The filtrate and washings were combined 
and diluted to a known volume. Aliquots 
of this solution were used for determin- 
ing the organic acids in the peel sap 
which had been precipitated by lead 
acetate. 

Extraction op dried peel. — Organic 
acids were isolated from dried peel by the 
method of Pucker et al (6). A known 
weight of ground dried peel was acidified 
to pH I with sulfuric acid (4iV), mixed 
thoroughly with asbestos, and subse- 
quently extracted with absolute ether 
fH^Oa-free) for 30 hours. Water was 
added to the extract, and the ether was 
carefully evaporated from the solution, 
leaving the organic acids in the aqueous 
phase. This solution was filtered into a 
volumetric flask and diluted to final 
volume. Aliquots were used for the 
analysis of the organic acids. 
Determination op organic acids.— 
With a Beckman glass-electrode pH 
meter, the total organic acids were deter- 


mined by titrating the extracts between 
the limits of pH 7.8 and 2.6, according to 
the method of Van Slyke and Palmer 
(15). Since oxalic acid reacted as a mono- 
basic acid under these conditions, a cor- 
rection was made by determining inde- 
pendently the amount of oxalic acid in 
the samples. Suitable aliquots, depend- 
ing upon the oxalic acid content, were 
measured into loo-ml. beakers and acidi- 
fied to Congo red with 0.5^" HCl. The 
material that flocculated on standing 
was filtered off on a fine-sintered crucible 
and washed with water. The precipita- 
tion and titration of the oxalate from 
this clear liquid were carried out ac- 
cording to the procedure of Pucker 
et al. (6). 

Quantitative determination of citric 
acid, free and combined, was made by 
the pentabromacetone method of 
Pucker et al. (7). The sample was 
heated with H2SO4 to convert the com- 
bined citrates to free citric acid, and the 
citric acid was oxidized to pentabromace- 
tone by KMn04 ^^e presence of KBr. 
After extraction of the pentabromace- 
tone with petroleum ether, the bromide 
ion was liberated with NaaS and was 
subsequently titrated with standard 
AgN03. The citric acid in the original 
sample was calculated from the titration. 

Malic acid was also determined by 
the pentabromacetone method of 
Pucker et al. (7). The principle of the 
method involves the oxidation of malic 
acid with KMn04, in the presence of 
KBr, to a bromine compound volatile 
with steam. This compound reacts with 
2,4-dinitrophenylhydrazine to give a 
water-insoluble product which is soluble 
in pyridine. The pyridine solution of this 
substance, when correctly diluted with 
water and made alkaline with NaOH, 
develops a blue color proportional to the 
amount of malic acid present. 
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Titration curves of both normal and 
pectin-free peel sap were determined at 
23° C. with a Beckman glass-electrode 
pH meter. 

Results 

Organic acids oe peel sap, deter- 
mined BY THE ether LIQUID 
EXTRACTION METHOD 

The data in table i show the amounts 
of the various organic acids obtained 
from peel sap by continuous extraction 
with absolute ether. The relatively high 
pH values of the sap indicate that 75- 
80% of the organic acids are in the salt 
form. As the extraction was performed at 
pH I, the ether extract of the sap in- 
cluded, in the free form, the total organic 
acid radicals. The values in column 5 
of table I show the milliequivalents per 
milliliter (me./ml.) of organic acids, or 
the total organic acid, extracted from the 
sap with ether and subsequently deter- 
mined by titration between pH 7. 8-2.6, 
with corrections for oxalic acid and other 
variables. The amounts of organic acids 
in the peel saps of citrus fruits are very 
low in comparison with those in the 
juices of the pulp (ii, 12). 

The total polybasic acids extracted 
from the peel saps with ether are repre- 
sented chiefly by citric and malic acids 
(table i). A trace of oxalic acid was 
present. The relatively high pH values 
i of the saps indicated that the oxalic acid 

■ existed chiefly as an insoluble salt and 

did not occur in appreciable concentra- 
tions in the centrifuged saps. The sum of 
the milliequivalents of citric and malic 
acids agreed satisfactorily with the total 
organic acids (milliequivalents) titrated 
between pH 7.8 and 2.6. This is good 
evidence that if other nonvolatile organic 
acids were extracted with ether, they 
were present in the sap in only micro- 
• quantities. In the peel sap the malic acid 


concentration is much higher than that 
of citric acid; in citrus juices, the reverse 
order prevails. 

Organic acids of peel sap pre- 
cipitated WITH lead acetate 

The completeness with which lead 
acetate precipitated the organic acids 
and acid salts is made evident by the 
close agreement of the sum of the milli- 
equivalents of citric and malic acids with 
the total-acid values (titrated between 
pH 7.8 and 2.6) of the ether extract 
(table i). The citric and malic acid 
values of the ether extract agree sub- 
stantially with similar values of the lead- 
acetate precipitate. The close agreement 
of the values determined by these two 
entirely different methods indicates, to 
an accuracy of 5%, the actual organic 
acid content of the peel sap. The conclu- : 

sion can also be drawn that the liquid ex- ‘ 

traction method is satisfactory for the 
isolation of organic adds from citrus- ' 

peel saps. 

Ether-soluble organic acids of i 

DRIED CITRUS PEELS ) 

The data in table 2 report the amounts I 

of organic acids (mg./gm. fresh weight) 
in the peels of navel and Valencia t 

oranges, lemon, and grapefruit. Although j 

data are reported on a fresh-weight 
basis, actual determinations were made 
on the ether extract of dried peel. In 
these determinations the organic acid ^ 

content was greatest in navel orange peel 5) 

and least in grapefruit. The concent ra- I 

tions of total acids in the peels of j j 

Valencia orange and lemon fell between i i 

these two extremes. Although the rela- 'j 

tively larger amounts of organic acids in ' | 

navel orange peel cannot be explained, it (j 

should be mentioned that these peel | 

samples were more mature than the i 

others. The smaller amount of organic I 
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Ether-soluble organic acids of dried peel of different varieties of citrus 
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acids in grapefruit peel is reflected in the 
higher pH of its peel sap. 

The distinctive features of table 2 are 
the comparatively low concentration of 
citric acids and the relatively high con- 
centrations of malic and oxalic acids in 
the various peel samples. By extracting 
dried peel with ether at pH i, the in- 
soluble oxalates were made soluble and 
were readily removed from the tissue by 
the solvent. The abundance of calcium 
in the peel (table 3) indicates that any 
oxalic acid occurring in the peel would be 
immediately converted to the insoluble 


of pulp and juice, is certainly highly cor- 
related with the amount of insoluble 
oxalate. In fact, calcium and magnesium 
are the only inorganic cations which exist 
in the peel in concentrations sufficiently 
high to form crystalline insoluble salts 
with the organic acids. 

Calcium in the peel may react with 
other chemical substances in the sap be- 
sides oxalic acid. As suggested previous- 
ly, amorphous precipitates such as cal- 
cium pectate may occur as the result of 
reaction of calcium with pectin. Un- 
doubtedly, the inorganic cations precipi- 


TABLE 3 


Relative AMOUNTS of calcium and magnesium in peel, pulp, 

AND JUICE OF ORANGES AND GRAPEFRUIT 


Variety 

Moisture 

(% FRESH weight) 

Calcium 
(% DRY weight) 



Magnesium 
( % DRY weight) 

Peel 

Pulp 

Juice 

Peel 

Pulp 

Juice 

Peel 

Pulp 

Juice 

Valencia orange 
Navel orange. . 
Grapefruit 

71.0 

74.0 
80.3 

84.9 

85-7 

87-3 

87. 2 
88.1 
89.1 

0. 76 
•56 
0.64 

0.30 

.31 

0. 26 

0.06 

.06 

0.07 

0.12 

. 10 

0. 10 

0.08 

.09 

! O.IO 

0.09 

. II 

0. II 


calcium salt. This is, of course, true only 
if an excess of calcium is present in the 
peel over that required to form calcium 
pectate. The fact that only a trace of 
oxalic acid appeared in the peel sap is 
evidence that sufficient calcium was 
present to convert the oxalic acid to in- 
soluble calcium oxalate. The high pH of 
the peel sap is also evidence .that the 
oxalic acid is in the salt form. These data 
substantiate the observations of Bar- 
tholomew and Reed (2) , who have noted 
th® presence of calcium oxalate crystals 
in the peels of citrus fruits; and of 
Pierce and Appleman (5), who have 
shown that plants high in oxalic acid 
contained only traces of sap-soluble 
calcium. The high calcium content of 
peel (table 3), in comparison with that 


tate, at various rates, the hydrated col- 
loids of the peel. A protective action is 
exerted by many organic colloids to pre- 
vent the precipitation of compounds that 
have exceeded their solubility product in 
pure solution. 

The exceptionally low concentration 
of organic acids in the peel of citrus 
fruits, in comparison with that in the 
pulp, strongly suggests that the loca- 
tion of organic acid synthesis is in the 
pulp in citrus fruits, according to the fol- 
lowing chain of reasoning; Citrus fruits, 
unlike pomaceous fruits, have no fleshy 
centers that are permeated by vascular 
bundles. The vascular system is chiefly 
confined to the mesocarp (spongy paren- 
chyma of the peel), which therefore 
serves the important function of trans- 
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porting water and solutes from the tree Titration curves of peel saps 
to the pulp vesicles. The experiments of relation of pH to the acid con- 

Hodgson (4) and of Bartholomew^ (i) stituents of peel sap can be further elucL 
showed the existence of an equilibrium dated by following the resistance to 
between the water in^ citrus trees and changes in pH upon addition of incre- 
their fruity This equilibrium^ is mani- rnents of standard acid or alkali to a 
tested by the diurnal changes in volume known amount of sap. Peel sap, like all 
of fruits on trees subjected to an en- plant extracts, is to a varying degree 
vironment conducive to excessive tram capable of resisting changes in pH upon 
spiration from leaves. The results of ^ke addition of strong acids or bases. It 
these studies led Reed (8) to conclude therefore decided to determine ex- 

that the translocation of liquids in citrus perimentally what substances were re- 
fruits is through the layers of hydro- sponsible for the buffer effect of the sap. 
philic colloids on the cell walls of the jt was important to determine the 
mesocarp and that the juice vesicles in effect of the soluble pectins in the centri- 
the pulp exert sufficient suction pressure fuged sap on the shapes of the buffer 
to pull water from the hydrated colloids, curves. The titration curves of normal 
If the organic acids are synthesized in sap (curves A) and of sap from which 
the leaves and subsequently transferred pectins had been removed (curves B) are 
to the juice vesicles through the albedo shown for navel and Valencia oranges, 
(mesocarp), it would appear that higher grapefruit, and lemons in figures 1--4, re- 
concentrations of these acids than are spectively. Although the two curves in 
present should occur in the mesocarp. each figure are nearly parallel, they are 
The latter contains sufficient cations to distinctly different. The alcohol used 
form salts (soluble and insoluble) if the for precipitating pectins probably pre- 
organic acids pass through the peel to the cipitated some of the soluble buffer salts 
vesicles, which contain large amounts of also and thus caused an increase in 
organic acids. On the contrary, however, acidity and lowered the position of curve 
the mesocarp is notably low in amounts B on the graph. The amounts of free acid 
of free and combined organic acids. Dur- in these saps are represented by those 
ing the entire growth and maturation of portions of the curves between zero and 
the fruit, the passage of water and the milliequivalents of NaOH required to 
solutes from leaves to vesicles, and from bring the system to a pH of 8.2. It can be 
vesicles to leaves during excessive leaf seen that the concentration of free acid, 
transpiration, did not result in accumula- organic and inorganic, is relatively small 
tion of organic acids in the peel of ma- in these saps. The total-acid radical 
ture fruits. The lack of accumulation of calculated from the titration curves be- 
organic acids under these conditions is tween pH 7.8 and 2.6 was greater than 
highly suggestive that the organic acids the values determined from similar 
are synthesized in the vesicles and not titrations of the ether-soluble organic 
in the leaves. This deduction agrees with acids extracted from the sap. 
the limited experiments of Ricevuto The position of the curves on the 
(9), who concluded that citric acid is graphs, with respect to buffer properties, 
formed in lemon fruits from reducing is influenced by the concentration of free 
sugars and pentosans by enzymatic acid in the sap. In other words, the buffer 
action. ' capacity of a solution is governed by the 
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concentration of the components. As 
citrus-peel sap is not highly buffered, 
titration curves of saps of different dilu- 
tions would have different slopes. Titra- 
tion curves of peel saps of different 
varieties of citrus are very similar, and all 
of them are located at nearly the same 
position on the graphs. As shown by the 
zero points on curves A and B (figs. 3, 4), 
the pH of the natural saps from grape- 


ly have only a slight buffer capacity. 
The pulp juices of citrus fruits, on the 
other hand,, contain larger amounts of 
organic acids and their salts and have low- 
er pH values and higher buffer capacities. 

Summary 

I. The concentrations of ether-soluble 
organic acids are much lower in peels of 


VsJfJ. 
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Figs. i-4.-Titration curves of peel sap. 4, normal; B, pectin removed. Fig, i, navel orange. Fig V 

Valencia orange. Fig. 3, grapefruit. Fig. 4 , lemon. a , mange, x ig. 2 , 

frait and lemon peels are somewhat citrus fruits (oranges, grapefruit, and 
higher than corresponding values for lemons) than in juice samples of cor- 
peds of navel and Valencia oranges. responding pulps. The high pH values of 
The titration curves of the various the peel saps indicate that most of the 
peel saps are vastly different from those organic acids are present in the salt form 
of the corresponding juices of the pulp, and not in the free state. The amounts of 
Ihe peel of citrus fruits contains a com- citric and malic acids in the expressed 
paratively small amount of organic acids saps agreed satisfactorily with the total 
and their salts. In the absence of these organic acids titrated between pH v. 8 
constituents the pH values of the peels and 2.6. The organic acids precipitated 
are high, and these systems consequent- from the peel sap with lead acetate 







19471 


SINCLAIR & ENY— CITRUS PEELS 


407 


agreed with the total organic acids 
titrated between pH 7.8 and 2.6 on a 
water solution of the ether extract. The 
citric and malic acids values of the ether 
extract agreed substantially with similar 
values of the lead acetate precipitate. 
The ether liquid extraction method is 
satisfactory for the isolation of organic 
acids from citrus>peel saps. 

2. The total nonvolatile organic acids 
were extracted from dried peel of citrus 
fruits with absolute ether at pH i. The 
organic acid content consisted chiefly of 
citric, malic, and oxalic acids. The citric 
acid content is very low in comparison 
with the concentrations of malic and 


oxalic acids. The oxalic acid is present in 
the peel as insoluble calcium oxalate, 
with the exception of a trace occurring 
in the peel sap. 

3. The titration curves of peel saps of 
citrus fruits (navel and Valencia oranges, 
grapefruit, and lemons) show that these 
systems contain comparatively small 
amounts of organic acids and their salts. 
In the absence of these constituents, the 
pH values of the peels are high, and 
these systems consequently have only a 
slight buffer capacity. 

University of California 
Citrus Experiment Station 
Riverside, California 
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SURVEY OF HIGHER PLANTS FOR PRESENCE OF 
ANTIBACTERIAL SUBSTANCES 


Introduction 

The fact that substances with anti- 
bacterial properties have been found in a 
number of species of nongreen plants led 
to the supposition that s imilar sub- 
stances occur in green plants. Although a 
large number of species of higher plants 
have been investigated for the presence 
of such compounds by previous workers, 
their work by no means exhausted the 
possibilities in this line of research. 

Demonstration by in vitro methods of 
antibacterial properties in a substance 
synthesized by plants does not prove 
that compound to be of therapeutic 
value. However, in vitro techniques do 
provide a rapid method for detecting 
antibacterial substances which may war- 
rant more intensive investigation. It was 
the purpose of this investigation to make 
tn vitro tests for antibacterial activity of 
extracts of tissues of higher plants com- 
mon to Ohio. 

Review of literature 

Osborn (8), an English worker, has 
reported the results of an experimental 
survey on 2300 species of higher plants 
and has shown that several species in the 
Ranunculaceae, Cruciferae, Compositae, 
and Liliaceae contain substances that 
inhibit growth of Staphylococcus aureus 
and Escherichia coli. 

Pratt et al. (g) obtained an anti- 
biotic— chlorellin—from the culture solu- 
tion and the cell mass of cultures of 
Chlorella vulgaris and C. pyrenoidosa. In 
solutions of 0.03-0.1 mg. chlorellin per 
cc. of water, the antibiotic caused a 


zone of inhibition 45 mm. wide on 
5 . aureus plates. 

Heatley (6), another English worker, 
reported a comprehensive study of cre- 
pin, an antibiotic obtained from the buds 
and flowers of Crepis taraxacifolia. The 
substance is thermostable, is soluble in 
pyridine and alcohol, and has a molecular 
weight between 236 and 275. The sug- 
gested molecular formula for crepin is 
Ci4H,(i04. It inhibits growth of certain 
gram-positive and gram-negative bac- 
teria, and its inhibitory activity is en- 
hanced by treatment with human serum 
for 24 hours at 37° C. It is slightly toxic 
to leucocytes. 

Sanders et al. (12), working in Indi- 
ana, tested 1 20 plant species, 22 of which 
showed varying degrees of bacterial in- 
hibition. Juice was expressed, without 
use of solvents, in a Carver hydraulic 
press and tested against S. aureus and 
Bacillus suhtilis, 

Seegal and Holden (13), at the Uni- 
versity of Illinois, described activity of 
extracts of Anemone pulsatilla and a 
species of buttercup (name not given) 
against Mycobacterium tuberculosis ho- 
minis and Monilia albicans. They pre- 
pared the samples in two ways, either by 
steam distillation or by autoclaving an 
extract made from one part water to one 
part ground plant material. The extract 
was found to be toxic to laboratory 
animals, but the report did not state 
whether the extract was administered 
orally or parenterally. 

_ In China, Chen et ak (4) found a prin- 
ciple in Eleocharis tuberosa which was 
active against S. aureus, Escherichia coli, 
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and B, suhtilis. This substance, which 
they called puchiin, is thermolabile and 
is soluble in water but not in ether, 
petroleum ether, chloroform, or benzene. 

Lucas and Lewis (7), working in 
Michigan, reported antibacterial activity 
of water extracts of Lonicera tartarica, 
Vaccinium corymbosum, Sorbus ameri- 
cana, Verbascum thapsus^ and Paeonia 
officinalis. The writer’s tests on P. of- 
ficinalis showed stimulation of bacterial 
growth rather than inhibition. 

Cavallito et al. (2, 3) determined 
methods of isolation, physical properties, 
and antibacterial action of inhibitors 
found in Arctium minus and Allium 
sativum. 

Investigation of antibiotic activity of 
higher plants has not been limited to 
antibacterial effects. Tokin (10), a 
Russian worker, reported discovery of 
“phytoncides,” the name applied to vola- 
tile substances, produced by plants, 
which are strongly bactericidal and pro- 
tistocidal. These vapors are also lethal 
to yeast and to eggs of mollusks and 
frogs. Phytoncides have been found in 
roots of onion, garlic, and Paeonia 
anomalia. Toroptsev and Filatova 
(ii), also from Russia, reported that the 
vapors of onion and garlic were effective 
in stimulating regeneration of tissue in 
both aseptic and infected wounds. 

Material and methods 

Tests were made on 231 plant species 
collected in Franklin, Hocking, Scioto, 
Pike, and Adams counties, Ohio. As a 
rule the determinations were carried out 
immediately or within 24 hours. When 
not used immediately, the specimens 
were kept wrapped in moist paper at 

C. A few species previously tested by 
other workers were included because of 
the premise that antibacterial activity of 
plant extracts may vary with stage in 


growth of the plant or with method of 
testing employed. Certain species tested 
— ginseng, heal-all, joe-pye weed, and 
ninebark — were of interest because folk- 
lore attributes medicinal value to them. 

Gray (5) was used as the authority in 
nomenclature of species except for the 
Bryophytes, some of the Pteridophytes, 
and a few horticultural varieties. 

The extracts were made by grinding 
the specimens in a meat-chopper and 
then macerating them in a Waring 
Blendor with from one-half to three 
times their weight of distilled water for 
5 minutes. The amount of water added 
depended on the succulence of the plant. 
The macerated material was then filtered 
in a Buchner funnel under suction, using 
two disks of no. i filter paper. 

The activity of plant extracts was 
tested by a method similar to that de- 
vised by Abraham et al. (i) in connec- 
tion with penicillin assay. Tryptose- 
dextrose agar was used as the culture 
medium in the tests. The medium was 
made according to the following formula: 


Bacto-tryptose 20 . o gm. 

Bacto-dextrose 2 . o gm. 

Di-sodium phosphate 2.5 gm. 

Sodium chloride 5.0 gm. 

Powdered agar . 15.0 gm. 

Distilled water 1 000 . o ml. 


Plates were poured to a depth of approxi- 
mately 3 mm. of agar, and care was taken 
to keep the plates on a level surface until 
the agar had solidified. 

Nutrient broth, used as an inoculating 
medium, was prepared as follows: 


Beef extract. 3 gm. 

Peptone.. 5 gm. 

Sodium chloride . . 5 gm. 

Distilled water 1000 ml. 


The test organisms used were Sta- 
phylococcus aureus^ Escherichia coU, Er- 
winia carotovora, and Phytomonas tume- 
faciens. The first two organisms are 




TABLE 1 


Results of tests for antibacterl\l action of extracts of 

EIGHTEEN SPECIES OF GREEN PLANTS 

" ' +++=I“hibitory zone, 11-15 mm. 
S=Marked stimulation +++ +=Inhibitory zone, 16-25 mm. 

+ -Inhibitory zone, 5 mm. +++++=Inhibitory zone, 26-50 mm. 

+-T -Inhibitory zone, 6~io mm. 
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Leaf, stem 


Leaf, stem 
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Entire plant 


Staphylococcus Escherichia Erwinia 

aureus coli carotovora 
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Phytomonas 

tumefaciens 
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Leaf, stem, flower 

Bulbs 

Bulbs (2d sample) . 

Asarum canadense 

Leaf, stem, flower 

Leaf, stem, root 

Leaf, stem, root (boiled 5 min.)! . 

Barbarea vulgaris 
Winter rosette 


+++ ++++ 

++++ + 
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A. tricoccum 
Leaves . . . 

A. vineale 
Leaf 


Allium cernuum 

Leaves 

Leaf, stem, flower 
Bulbs. 



















HAYES— ANTIBACTERI.\L SUBSTANCES 


TABLE I— Continued 


Species 

Staphj’lococcus 

aureus 

Escherichia 

coli 

Ervvinia 

carotovora 

Pliytomonas 

tumefaciens 

Oenothera biennis 

Winter rosette 


d — 1 — F 



Summer leaf, stem, root 




Ranunculus abortivus 

All but root . 

++4- 

+++++ 

+++++ 

+•1-+ 

4__j_ 

+4 

444 

444 

S 


444 


Entire plant 

Entire plant ( 2 d sample) 

Sanguinaria canadensis 

Entire plant 

Leaf, stem, rhizome 

44444 
H — f‘444 

S 


Leaf, stem, rhizome (extract 
boiled 5 min.) 




Dried rhizome 




Taxus canadensis 

Fruit 

Fruit (boiled 5 min.) 

Leaves . 

d — }~4 
d — ! — 

4444 
4444 i 
S 1 


Verbascum thapsus 

Leaves (after flowering) 



Spring rosette 



44 

44 

4 

4 

Spring rosette and root 







sometimes pathogenic to man, and the 
last two are pathogenic to plants. 5. 
aureus is gram-positive, the other three 
are gram-negative. 

The agar plates were inoculated by 
flooding with 24-hour nutrient-broth cul- 
tures of the test organism and allowed to 
drain inverted on a flat board sterilized 
with phenol solution. 

Sterile cylinders (made from 10 mm. 
lengths of glass tubing, 15 mm. in 
diameter, with one end beveled toward 
the inside) were placed on the inoculated 
agar with slight pressure, making a 
water- and bacteria- tight seal. Approxi- 
mately 0.5 ml. of extract to be tested was 
introduced into this cylinder. Through- 
out the procedure the usual precautions 
were taken to prevent contamination. 
One to six samples per plate could be 
tested. Plates of Staphylococcus aureus 

Acanthopyrus sp. 

Achillea millefolium 
Acorus calamus 


and Escherichia coli were incubated 16- 
18 hours at 37° C., and plates of the plant 
pathogens were incubated 18-24 hours 
at room temperature (approximately 
27° C.). The tests were carried out in 
triplicate, and results were evaluated by 
measuring zones of inhibition or stimula- 
tion of bacterial growth. 

Results and discussion 

Some of the extracts markedly in- 
hibited bacterial growth, some caused 
increased bacterial growth, and others 
showed no activity. Of the 231 species 
tested, extracts from 46 inhibited growth 
of one or more species of the test organ- 
isms. The most marked inhibition was 
obtained in the tests of the species listed 
in table I. 

The following .213 species showed little 
or no inhibition of bacterial growth: 

Agrostem uia githago 
Ambrosia artemisiifolia 
A. trifida 


Adiantum pedatum 
Aesculus hippocastanum 
Agrimonia sp. 
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Anemone canadensis 
Antennaria parlinii 
A. plantaginifoiia 
Apocynum cannabinum 
Arabis hirsuta 
Araiia spinosa 
Arisaema triphyllum 
Arimcus Sylvester 
Asciepias syriaca 
Asclepiodora viridis 
Asimina triloba 
Asparagus officinalis 
Aspidium marginale 
Belamcanda chinensis 
Benzoin aestivale 
Blephiiia ciliata 
Botrychium virginianum 
Brassica nigra 
Buchloe dactyloides 
Camptosorus rhizophyllus 
Capselia bursa-pastoris 
Cardamine bulbosa 
C. pennsylvanica 
Carduus crispus 
Carex stricta 
Castalia tuberosa 
Gastilleja coccinea 
Caulophylium thalictroides 
Cera tophy Hum demersum 
Chaerophyllum procumbens 
Cliara foetida 
Chenopodium album 
Chimaphila maculata 
Cbrysanthenium leucanthe- 
mum 

Cibotium schiedei 
Cichorium intybus 
Cicuta bulbifera 
C. maculata 
Cimicifuga racemosa 
Cirsium arvense 
Cladonia rangiferina 
Conocephalum conicum 
Crepis biennis 
Crocus vernus 
Cunila origanoides 
Cuscuta sp. 

Cynoglossum virginianum 
Cyperus papyrus 
Cystopteris fragilis 
Dactylis glomerata 
Daucus carota 
Decodon verticillatus 
Dentaria laciniata 
Dianthera americana 
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Dicentra canadensis 
Diospyros virginiana 
Dipsacus sylvestris 
Dodecatheon meadia 
Eleusine indica 
Epipactis tesselata 
Equisetum arvense 
Eragrostis ciiianensis 
Erigeron philadelphicus 
Eupatorium purpureum 
Euphorbia corollata 
Evonymus obovatus 
Galinsoga parviflora 
Galium aparine 
Gaultheria procumbens 
Geranium maculatum 
Geum vernum 
Ginkgo biloba 
Gillenia stipulata 
Hedera helix 
Heracleum lanatum 
Heuchera sanguinea 
H. viliosa 

Hibiscus moscheutos 
Hieracium venosum 
Houstonia caerulea 
H. longifolia 

Hydrophyllum appendicula- 
tum 

Hypericum perforatum 
Ilex opaca 
Impatiens pallida 
lodanthus pinnatifidus 
Iris germanica 
Juniperus horizontalis 
Krigia amplexicaulis 
Lactuca canadensis 
Lamium purpureum 
Laportea canadensis 
Leonurus cardiaca 
Lepachys pinnata 
Lepidium campestre 
L. virginicum 
Liriodendron tulipifera 
Lithospermum arvense 
L. canescens 
Lychnis alba 
Lycopodium lucidulum 
Lygodium japonicum 
Lysimachia nummuiaria 
L. quadrifolia 
Malva rotundifolia 
Medicago lupulina 
Melilotus alba 
Menyanthes trifoliata 
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Nepeta hederacea 
Nephrolepis cordifolia 

N . exaltata var. bostoniensis 
Oenothera fruticosa 
Onoclea sensibilis 
Osmorhiza claytoni 

O. longistylis 
Osmunda regalis 
Oxalis stricta 
Paeonia officinalis 
Panax quinquefolium 
Pastinaca sativa 
Pedicularis canadensis 
Pentstemon laevigatus 
Phacelia purshii 
Phlox divaricata 
Physocarpus opulifolius 
Picea abies 

Pinus strobus 
Plantago lanceolata 

P. major 

Platanus occidentalis 
Poa pratensis 
Podophyllum peltatum 
Polemonium rep tans 
Polygonatum biflorum 
Polygonum amphibium 
Polypodium aureum 
P. longifolium 
P. polypodioides 
P. vulgare 

Polystichum acrostichoides 
P. lonchitis 
Potamogeton crispus 
P. natans 
P. pectinatus 
Potentilla canadensis 
P. recta 

Prunella vulgaris 
Prunus persica 
Psilotum nudum 
Psoralea pedunculata 
Pteris aquilina 
Ranunculus septentrionalis 
Rhus canadensis 
Ruellia ciliosa 
Rumex acetosella 
R. crispus 
Sagittaria Jatifolia 
Salvia lyrata 
Salvinia natans 
Sambucus canadensis 
Saponaria officinalis 
Sarracenia purpurea 
Sedum stoloniferum 


1947 ] 


HAYES— \NTIBACTERIAL SUBSTANCES 


413 



Selaginella braunii 
S. kraussiana 
Senecio aureus 
Sida hermaphrodita 
Silene virginica 
Silphium perfoliatum 
S. terebinthinaceum 
Smilacina racemosa 
S. Stella ta 

Solanum carolinense 
S. dulcamara 
Spartina michauxiana 
Specularia perfoliata 
Stellaria media 


Symphoricarpos orbiculatus 
Symplocarpus foetidus 
Taraxacum officinale 
Thalictrum dioicum 
Tillandsia usneoides 
Tragopogon pratensis 
Trifolium liybridum 
T. pratense 
T. repens 
Trillium sessile 
Typha angustifolia 
Umbilicaria delineata 
Uvularia perfoliata 
Valeriana paucifiora 


Valerianella radiata 
Verbena angustifolia 
Veronica arvensis 
V. officinalis 
Viburnum opulus 
Vicia cracca 
Viola papilionacea 
Vitis labrusca 
Vinca minor 
Yucca fiiamentosa 
Zebrina pendula 
Zizia aurea 


The inhibitory activity of plant tissues 
varied with (a) species of bacteria 
tested, (b) part of plant used, (t:) stage 
in which plant was collected, and (d) 
temperature under which plant was 
growing at time of collection. Other 
variations in inhibitory activity may be 
due to (e) method of extraction, (/) cul- 
ture medium used, and (g) diffusibility 
of the extract through agar. 

The antibacterial substances found in 
Asarum canadense, Sanguinaria cana- 
densis^ and Taxus canadensis were found 
to be thermostable. The antibacterial 
substance in S. canadensis was not lost 
upon drying. 

Summary 

Water extracts of 231 species of higher 
plants were tested for antibacterial 
properties against Staphylococcus aureus ^ 
Escherichia coli, Erwinia carotovora, and 


Phytomonas kimefaciens. Eighteen of the 
species showed sufficiently high anti- 
bacterial effects against one or more of 
the organisms to warrant their inclusion 
in table i. 

The author wishes to express apprecia- 
tion to Dr. B. S. Meyer for his invalu- 
able assistance given throughout the 
progress of the study and preparation of 
the paper and to acknowledge the aid in 
collecting and classifying plant speci- 
mens given by Mr. and Mrs. A. E. 
Hyder and Mr. Conrad Roth of Ports- 
mouth, Ohio, and Betty Greene and 
Dr. J. N. WoLEE of Ohio State Univer- 
sity. Pure cultures of the test organisms 
were donated by Dr. G. L. Stahly and 
Dr. W. G. Stover of Ohio State Uni- 
versity. 

CiSNE, Illinois 
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SELECTIVE HERBICIDAL EFFECTS OF 2,4-DICHLOROPHENOXY- 
ACETIC ACID APPLIED TO TURF IN DRY 
MIXTURES WITH FERTILIZER 

PAUL C. MARTtf AND JOHN W. MITCHELL^ , 


Introduction 

2,4-Dichlorophenoxyacetic acid (2,4-D) 
is effective as a herbicide when applied 
as a dust to the foliage of various kinds of 
weeds (2) or to soil in which these 
plants are growing (i, 6, 7, 8). In general, 
most lawn grasses, such as bluegrass 
{Poa pratensis), red top (Agrostis alba), 
and red fescue (Fesiuca ntbra), have 
proved to be relatively resistant to 

2,4-D but have shown, in varying de- 
grees, a temporary checking in their rate 
of growth following use of the sprays (5). 
Certain grasses, such as the bents, have 
proved to be much more sensitive and 
have exhibited marked injury with ap- 
plications that ordinarily have but a 
slight effect on bluegrass. To speed up re- 
covery of grasses from this initial growth- 
depressing effect of the herbicide, it was 
found helpful to supply nutrient ma- 
terial, such as urea, to them at the time 

■'Physiologist, "Senior Physiologist, Bureau of 
Plant Industry, Soils and Agricultural Engineering 
Agricultural Research Administration, U.S. De- 
partment of Agriculture, Beltsville, Md. 


of treatment (3). Spray application of a 
water mixture of urea (supplying 60 lb. 
per acre) and 2,4-D (1.5 lb. per acre) had 
beneficial effects on recovery of blue- 
grass. Preliminary experiments with dry 
application of complete fertilizers con- 
taining various amounts of 2,4-D have 
also given similar effects (4). The present 
experiments were undertaken to deter- 
mine (a) the amounts of 2,4-D applied 
dry in mixture with complete fertilizer 
that would be required per acre selective- 
ly to eradicate weeds from turf and (b) 
the effect of such mixtures on the growth 
of turf from applications at various 
seasons of the year. 

Methods 

2,4-Dichlorophenoxyacetic acid was 
used throughout these experiments, ex- 
cept where the sodium, ammonium, or 
morpholine salts of the acid were sub- 
stituted for comparative purposes. The 
mineral fertilizer was of commercial 
grade, 10-6-4 (N, PaOj, K2O) analysis, 
purchased on the open market, and com- 


1947 ] 


MARTH & MITCHELL— 2, 4-D IN FERTILIZER 


41S 


monly used for fertilizing lawns and 
gardens. 

A mechanically operated barrel- type 
concrete mixer was used in preparing the 
fertilizer plus 24-D mixtures. The de- 
sired weighed amount of 2,4-D was first 
mixed thoroughly by hand with i lb. of 
fertilizer prior to adding this mixture to 
the desired weighed amount of fertilizer 
(usually about 20 lb.) as it revolved in 
the mixer, and the mixing operation was 
then continued for a period of 10 
minutes. 

All fertilizer treatments were at the 
rate of 600 lb. per acre, the amount gen- 
erally recommended for stimulating the 
growth and development of sod. All mix- 
tures were applied on the same or suc- 
ceeding day after mixing. 

The area of established sod selected 
for experimentation was composed main- 
ly of Kentucky bluegrass, red top, and 
fescue grasses heavily and uniformly in- 
fested with narrow-leaved plantain 
{Plantago lanceolata). Other weedy spe- 
cies present included sheep sorrel {Rumex 
acetosella), black medic (Medicago lupu- 
Una), and white clover {Trifolium 
repens). Two sets of plots, thirty each, 
were marked off; treatments on one set 
were applied on November 6, 1945 ; on 
the other, on March 22, 1946. Individual 
plots were 2 feet wide and 25 feet long, 
and a i-foot border was left between 
plots. At each date of treatment the 
thirty plots were divided into five repli- 
cates, and the six different treatments 
were assigned at random to plots within 
blocks. The applications consisted of o, 
1,5, 3, 6, and 9 lb, per acre of 2,4-D mixed 
with fertilizer and of an unfertilized con- 
trol that received no 2,4-D. The weighed 
amount of fertilizer mixture was applied 
as carefully and evenly as possible to 
each plot by hand when the foliage was 
free of surface moisture. 


In another experiment on larger areas 
(^-i acre) a fertilizer attachment on a 
12-foot lawn drill drawn by a tractor 
was used. Sufficient 2,4-D (acid) was 
mixed with fertilizer by hand-shoveling 
to deliver 4 lb. of 2,4-D in 300 lb. of 
fertilizer per acre ; this was applied on 
March 15, 1946, to a rectangular lawn 
area approximately i acre in size. Again 
on March 26 the same distributor was 
used in treating three adjacent J-acre 
lawn areas with 4 lb. per acre of the 
morpholine, sodium, and ammonium 
salts of 2,4-D, respectively. Since the 
area had already been fertilized with 
300 lb. per acre of IO-6-4 fertilizer, the 
various salts were applied in mixture 
with fine sand. 

Clippings were obtained from all plots ' 
by use of a small power mower adjusted 
to cut at a height of 1.5 inches and fitted 
with a grass-catcher. Fresh weights of 
both grass and weed foliage were ob- 
tained after the clippings had been 
hand-sorted. 

Results 

Late fall application.— On April 4, 
1946, there was no significant difference 
in the growth of grass between the ferti- 
lized control plots (no 2,4-D) and others 
that received varying amounts of 2,4-!) 
with fertilizer on the preceding Novem- 
ber 6 (table i). In comparison with the 
fertilized control plot, however, the ad- 
dition of both 6 and 9 lb. per acre of 
2,4-D caused a marked intensification of 
green color in the grass foliage so that 
these plots, by visual inspection, could 
very readily be selected from among the 
various treatments. 2,4-D applications 
of 1.5 and 3 lb. per acre also caused 
greening of the grass but to a lesser 
degree. This difference in coloration per- 
sisted until about June i. 

From the standpoint of weed eradica- 
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tion even the smallest amount of 2,4-D 
(i.S lb. per acre) applied in the dry form 
together with fertilizer gave approxi- 
mately 100% control of narrow-leaved 
plantain. At the 6- and 9-lb. rates the 
small amount of weed clippings obtained 
consisted almost entirely of sheep sorrel, 
a plant with underground stolons that 
has sometimes been found difficult to 
control by means of the usual 2,4-D 
spray treatment. 

TABLE 1 

Effect of fall applications of 2,4, -D in dry 
MIXTURE with COMMERCIAL (10-6-4) FERTI- 
LIZER ON GROWTH OF GRASS AND DESTRUC- 
TION OF WEEDS IN PLOTS OF 50 SQUARE FEET 
TREATED NOVEMBER 6, 1945. CLIPPINGS OB- 
TAINED April 4, 1946 


Treataosnt 

Fresh clipping 

WEIGHTS (average 

OP 5 plots) 

Percent- 

2 , 4 -D 

(Ib./acre) 

10-6-4 

fertilizer 
(lb./ acre) 

(Grass) 

(gm.) 

Weeds 

(gm.) 

AGE OP 

WEEDS 

0. . . . . 

0 

I 4 S- 4 * 

28.6 

16.9 

16.5 

2.5 

1 . 4 

0 

600 

329.0 

62.2 

1-5 

600 

332.6 

7.4 

3.0 

600 

343.0 

6.0 

6.0 

600 

338.0 

2.4 

i . If 

0. 7 

9.0 

600 

337.4 

1.8 

0.5 


* Differences of 78.6 gm. are significant at the 5% level. 


Effect on grass seed production. 
—After the grass had developed follow- 
ing dipping on April 4, differences in the 
number of seed stalks of grass on the 
different plots became apparent. The 
seed heads, which consisted almost en- 
tirely of bluegrass, were permitted to de- 
velop fully, and on June 6, 1946, the 
Eluegrass seed heads and straw were 
harvested by individual plots. At this 
time the straw had just begun to wither, 
and the seeds were judged to have 
reached maturity. After drying for 2 
weeks in a greenhouse at approximately 


70^ 100° F., the seed heads were further 
dried overnight in a ventilated oven at 
100° F.; the seeds were then rubbed out 
by hand and weighed. 

Although the results on seed produc- 
tion are not sufficient for final conclu- 
sions, it is of interest that the average 
seed (plus chaff) production per plot 
amounted to 4.2, 17.0, 23.5, 22.1, 17.5, 
and 22.5 gm., respectively, for the con- 
trol, fertilized control, and fertilizer plus 
1 - 5 ) 3 ) 6, or 9 lb. of 2,4-D per acre. From 
the standpoint of grass seed production 
the significance of these results lies prin- 
cipally in the fact that the plots that re- 
ceived 2,4-D treatment were free of 
weeds and therefore relatively free of 
weed seeds. Further experiments are in 
progress to determine the possible effects 
of comparable applications of 2,4-D to 
soil on the yield and viability of grass 
seeds. 

Spring application.— Marked dif- 
ferences in the growth of grass were ob- 
tained from dry applications on March 
22 of fertilizer plus 2,4-D mixtures (table 
2). On both the May 6 and the July 9 
clipping dates plots that had received 
1.5 lb. of 2,4-D per acre together with 
fertilizer produced a significantly greater 
amount of grass clippings than did plots 
that received fertilizer alone. When 
2,4-D was applied at 3 and 6 lb. per acre, 
the weights of grass clippings were slight- 
ly greater than in the controls (ferti- 
lized). At the first clipping these latter 
differences were not statistically sig- 
nificant, but at the later clipping (July 9) 
they were found to be significant. Larger 
amounts of 2,4-D were injurious to the 
growth of grass (table 2) . The reduction 
of 182. 2 gm. in average clipping weight of 
grass on May 6 caused by 9 lb. of 2,4-D 
per acre in comparison with the ferti- 
lized control was found to be highly sig- 
nificant. By July 9, however, the grass 
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had recovered so that there was no sig- rates of 2,4-D applications in spring, in 
nificant difference between the weights comparison with the fertilized control 
of clippings from the fertilized control plots. 

and from plots treated with 9 lb. of 2,4-D The weed-killing effects of 2,4-D were 
per acre. The injurious effects of 2,4-D equally effective in the fall and spring 
applied at the rate of 9 lb. per acre were applications under the condition of 
clearly evident in the appearance of the these experiments (fig. i). 
grass, the blades being narrower and Treatment oe large lawn areas. — 
shorter, although deeper green in color. The feasibility of applying dry 2,4-D 
As with fall application, an intensifica- mixtures on a larger scale for selective 
tion of green coloration of the grass herbicidal effects was tested during the 
foliage was noted at the 3-, 6-, and g-lb. spring of 1946. All the treatments, with 

TABLE 2 

EFFECT OF SPRING APPLICATION OF 2,4-D IN DRY MIXTURE WITH COMMERCIAL (10-6-4) 
FERTILIZER ON SUBSEQUENT YIELD OF GRASS AND W^EED CLIPPINGS IN PLOTS OF 
50 SQUARE FEET TREATED MARCH 22, 1946 


Treatment Fresh clipping weights (average of s plots) 


2,4-D 
(lb ./acre) 

10-6-4 

May 6, 1946 

July 9, 1946 

fertilizer 
(lb./ acre) 

Grass 

(gm.) 

Weeds 

(gm.) 

Percentage 
of weeds 

Grass 
tgm.) I 

Weeds 

Cgm.) 

Percentage 
of weeds 

1 0., 

0 

366 .4* 

53-6 

II. 4 

304.4! 

92.5 

23.2 

1 

600 

749-6 

182.4 

21.5 

384.8 

166.8 

30.1 

^ . 1.5 

600 

931-8 

12.2 

I . I 

330-8 

24.2 

4.2 

i 3-0 

600 

805 . 8 

6.2 

0.7 

485.2 

10.6 

2.0 

I 6.0 

600 

- 756.2 

1.8 

0. 2 

427.2 

8.9 

2.0 

I 9.0.,. 

600 

560.6 

1.4 

0.2 

380.8 

9.4 

2.4 


* Differences of 146.0 gm. are significant at the s% level . 
t Differences of 69.3 gm. are significant at the 5 % level. 


TABLE 3 

Herbicidal effects of various salts and the acid form of 2,4-D 

APPLIED AS DRY MIXTURES AT RATE OF 4 LB. PER ACRE TO GRASS SOD 


Treatment 

Percentage of clippings that consisted 

WEED FOLIvVGE 

OF 

Sample no. 

Average 


I 

2 

3 4 

■ 5 ■ 

Control 

60.0 

54-4 

25.2 56.4 

46.0 

48.4 

2,4-D acid 

10. 2 

13.6 

12.8 14.0 

10.4 

12.2 

2,4-D ammonium salt ..... 

I.O 

1,6 

1.2 4.0 

1.6 

1.9 

2,4-D sodium salt 

14.4 

II. 2 

10.8 id.o 

12.4 

13.0 

2,4-D morpholine salt. .... 

12.4 

16.0 

22,0 20.0 

12.0 

16,5 
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either the acid or the salt forms of 2, 4-D, 
caused the sod to develop a dark-green 
coloration as compared with that of 
adjacent areas which received fertilizer 
only (fig. i). This deep-green color per- 
sisted until fall. On May 29, clippings 
were obtained on strips 18 inches wide 
and 25 feet long selected at random at 
five different locations in the treated 
areas (table 3). 

The high percentage of weed clippings 
found in the control areas consisted 
mainly of narrow-leaved plantain, sheep 
sorrel, and white clover. The ammonium 
salt reduced the amount of weeds more 
effectively than did the other salts. 
Direct comparison between the salts and 
the acid cannot be made because of the 
difference in time and manner of applica- 
tion (the salts were applied in mixture 
with sand, the particles of which were 
more uniform in size than were those of 
the fertilizer). The acid and the sodium 
salt treatments were about equal in ef- 
fectiveness, while the morpholine salt 
was relatively ineffective as a herbicide 
when applied in this manner. 

Discussion 

The use of a mixture of 2,4-D and 
complete fertilizer for weed control and 
fertilizing purposes would appear to have 
a number of advantages over other meth- 
ods of treating grassy areas with 2,4-D. 
Except for the added cost of incorporat- 
ing 2,4-D in the mixture, the treatment 
would cause no additional expense in 
ridding such areas of weeds. The herbi- 
cidal treatment would fit into the regular 
schedule of spring or fall fertilization 
recommended for lawn care, and the use 
of costly labor and equipment for apply- 
ing a special 2,4-D spray treatment for 
weed-killing could therefore be avoided. 

General recommendations for the use 
of fertilizer plus 2,4-D mixture cannot 
be made on the basis of the present 


limited experiments. Results of the pres- 
ent tests indicate, however, that the in- 
clusion of a small amount of 2,4-D in 
lawn fertilizer mixtures would prove ef- 
fective in destroying a large percentage of 
established weeds and would discourage 
reinfestation from weed seed present in 
the soil. 

It has been shown in previous experi- 
ments (i, 4, 6), as well as in those re- 
ported herein, that many weedy plants 
are quite sensitive to 2,4-D absorbed 
through the roots. The effects of the 
chemical appear to be translocated 
rapidly throughout the entire plant 
within a short time after it is absorbed. 
This method of applying 2,4-D to the soil 
surface appears to offer promise in 
eradicating certain weeds that have large 
underground storage organs which fre- 
quently develop new shoots and re- 
establish the plant following spray 
treatment of the tops. 

These experiments were conducted 
with freshly prepared mixtures of 2,4-D 
and fertilizer. Further e.xperiments are in 
progress on the possible effect of the type 
of fertilizer used and its method of prepa- 
ration and storage on the stability of 
2,4-D contained in such mixtures. 

Summary 

I. Dry mixtures of 2,4-dichlorophen- 
oxyacetic acid (2,4-D) and complete 10- 
6-4 fertilizer were applied to established 
weedy turf on November 6, 1945, and 
March 22, 1946, on plots 2 feet wide and 
25 feet long. The fertilizer was used at 
the uniform rate of 600 lb. per acre and 
contained varying amounts of 2,4-D, 
namely, o, 1.5, 3, 6, and 9 lb. per acre. 
The effects of the various treatments on 
the growth of turf and on the eradication 
of weeds were measured by sorting and 
weighing separately the clippings of 
weeds and of grass from the individual 
plots 
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2. No significant difference, in com- 
parison with the fertilized control, was 
found ill the weight of grass clippings on 
April 4, 1946, from any 2,4-D fertilizer 
treatments that were applied on Novem- 
ber 6, 1945. Such weeds as narrow-leaved 
plantain, black medic, and bur clover 
were eradicated almost 100% by the low- 
est amount (1.5 lb. per acre) of 2,4-D 
used in the fertilizer mixture. At the high- 
est rates (6 and 9 lb. per acre) the green 
coloration of the grass was visibly darker 
than in the fertilized control plots until 
about June i. 

3. Application on March 22, 1946, of 
both 6 and 9 lb. per acre of 2,4-D in mix- 
ture with fertilizer caused visible injury 
to the turf so that the weight of grass 
clippings on May 6, 1946, was signifi- 
cantly lower than in the fertilized con- 
trols. However, in these experiments 
mixtures containing 1.5 and 3 lb. per 
acre of 2,4-D with fertilizer induced a 
highly significant increase in growth of 
the turf. Weed eradication was about 
equal to that resulting from treatment 
on November 6. 

4- The bluegrass in all plots treated 
on November 6, 1945, was allowed to de- 
velop and to mature seed stalks, which 
were collected on June 6, 1946. The aver- 
age dry weight of seed and chaff was 4.2, 
^7-0; 23.5, 22.1, 17.5, and 22.5 gm., re- 
spectively, for the control, fertilized con- 


trol, and fertilizer plus 1.5, 3, 6, or 9 lb. 
of 2,4-D per acre. Owing to the absence 
of weeds, grass seed from the plots 
treated with 2,4-D was free of weed 
seeds. 

5. Applications of the ammonium, 
sodium, and morpholine salts of 2,4-D 
mixed in dry sand were made on March 
15, 1946, at the rate of 4 lb. per acre of 
each salt to individual f-acre plots of 
weedy turf. Samples of both weed and 
grass foliage from these plots on May 29, 
1946, indicate that these salts of 2,4-D 
are effective in eradicating turf weeds 
when applied in dry form. The am- 
monium salt proved to be superior to the 
other salts in its herbicidal effects. 

6. Although the present experiments 
are not sufficient to justify recom- 
mendations regarding the use of 2,4-D- 
fertilizer mixtures on turf, the lowest rate 
(i-S lb. per acre) of 2,4-D that was used 
in combination with fertilizer caused al- 
most 100% weed eradication. The chem- 
ical appears to be very effective when 
applied broadcast. It seems to be ab- 
sorbed from the soil by the roots of 
sensitive weedy plants, and, once it has 
been taken up, the 2,4-D stimulus ap- 
pears to be translocated rapidly through- 
out the entire plant. 

Bureau op Plant Industry, 

Soils and Agricultural Engineering 
Beltsville, Maryland 
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RESPONSE OF POTATO PLANTS TO SPRAY APPLICATIONS OF 
CERTAIN GROWTH-REGULATING SUBSTANCES' 

ORA SMITH, M. A. BAEZA, AND J. H. ELLISON 


Introduction 

For years farmers have had heavy 
losses from potatoes sprouting excessive- 
ly and shriveling in storages which could 
not be kept at temperatures of 40^^ F. or 
lower. Potato-chip manufacturers are 
I constantly troubled with the production 

of dark-colored chips. This darkening is 
associated with high reducing-sugar con- 
tent which develops at low storage tem- 
peratures. Higher storage temperatures 
would prevent accumulation of reducing 
sugars but would result in excessive 
sprout growth of tubers. Potatoes can 
now be treated in commercial quantities 
in storage with the methyl ester of 
a-naphthaleneacetic acid in liquid form 
(8) which prevents or greatly retards 
; sprout growth at relatively high tem- 

*' peratures. The problem would be further 

simplified if some substance sprayed on 
the plants in the field would similarly 
i retard growth of sprouts in storage and 

not reduce yields or quality of tubers. It 
was the purpose of this investigation to 
determine the effects of several com- 
; pounds sprayed on potato plants on the 

mineral nutrient content of petioles, 
specific gravity and reducing-sugar con- 
tent of tubers, yields of tubers, and ef- 
fects on sprout retardation in subsequent 
storage. 

Material and methods 

Field tests were conducted on Lords- 
town silt loam soil of pH 5.0, using the 
Sebago variety, planted May 15, 1945? 
in rows 34 inches apart and with seed 
pieces at ii-inch intervals. All plots 

^ Paper no. 283, Department of Vegetable Crops, 
Cornell University, Ithaca, N. Y. 
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were fertilized alike at the time of plant- 
ing with 2400 lb. to the acre of 5-10-10 
fertilizer applied in equal depth bands 
through the planter. 

The experiment included control plots 
and plots treated with four different 
growth-regulators applied in sprays: (a) 
sodium 2, 4-dichlorophenoxy acetate at 
10 p.p.m.; (b) methyl ester of a-naphtha- 
leneacetic acid (NA) at 10,000 p.p.m. 
first application, 4000 p.p.m. thereafter; 
(c) indoleacetic acid (lA) at 150 p.p.m.; 
and (d) a-naphthaleneacetic acid (NA) 
at 150 p.p.m. 

The spray solutions were made up in 
the following manner: The powder form 
of 70% sodium 2,4-dichlorophenoxyace- 
tate directly soluble in water was used. 
Two parts of the methyl ester of NA plus 
I part of polyethylene glycol 400 were 
diluted with water to the desired 
strength and kept agitated during spray- 
ing. The concentration of the methyl 
ester of NA for the first application 
(10,000 p.p.m.) was so strong that 
marked injury to leaves resulted; hence, 
for all subsequent applications concentra- 
tions were reduced to 4000 p.p.m. Indo- 
leacetic acid (lA) and a-naphthaleneace- 
tic acid (NA) were each dissolved in 5 
ml. of 95% ethyl alcohol and then diluted 
with water. 

There were four dates of application: 
July 14 and 28 and August ii and 25. 
One series of plots received applicatidns 
on July 14 only, one series on July 14 
and 28, one series on July 14 and 28 and 
August II, and one series on all four 
dates. The sprays were applied through 
a knapsack sprayer at the following 
rates per acre: July 14, 55 gallons; July 
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28, 82 gallons; August ii and 28, no 
gallons. Plots were of single rows, 25 feet 
long with guard row between treatments 
and 5-foot alleys between replication 
blocks. All treatments were in quadru- 
plicate. 

Rapid chemical tests of petiole tissue 
were made on August 22 and September 
8, using the methods of Peech and Eng- 
lish (6). Plots were harvested and yield 
data were obtained on October 22, 1945. 
The specific gravity of the total tubers 
from each plot was obtained by dif- 
ferences in weight in air and in water. 
Samples from each plot were placed in 
storage at 40° F. and at 50° F. on Novem- 
ber 15, 1945. 

On February i, 1946, the reducing- 
sugar content of tubers held at 40° F. 
was determined by a modified Shafeer- 
SoMOGYi method (7). 

On February 13, 1946, the number 
and weight of sprouts of the lots stored 
at 50° F. were obtained. 

Results 

Growth in the field.— Two days 
after the first application plants of all 
plots sprayed with the methyl ester of 
NA showed severe upward rolling of the 
leaves, with some of the leaves severely 
injured. It appeared, however, that 
only those leaves receiving direct appli- 
cation of the chemical were injured. 

Smith et al. (9) found that the methyl 
ester of NA applied to the soil as a pre- 
emergence spray is an effective selective 
herbicide in potato fields. Although the 
10,000 p.p.m. applications in the present 
experiment did not act as a complete 
herbicide to the potato plants, it was 
obvious that this was too high a concen- 
tration when the methyl ester of NA 
was sprayed on the plants; therefore, at 
the three subsequent applications con- 
centrations were reduced to 4000 p.p.m. 


Two weeks after the first application 
plants treated with this substance had 
few flowers, while the untreated were 
flowering profusely. Most of the treated 
plants had somewhat recovered from the 
injury. Two weeks after the last applica- 
tion it was impossible to differentiate 
among those that had received one and 
those which had received more than one 
application. No effects were noticeable in 
the field on plants sprayed with the other 
growth substances. 

Rapid chemical tests of tissues.— 
Analyses of petiole samples taken be- 
tween the third and fourth spray appli- 
cations showed that' there were no sig- 
nificant differences in nitrate nitrogen, 
calcium, or magnesium content of 
petioles owing to treatments or number 
of applications (table i). The phosphorus 
content of petioles from plants sprayed 
with the methyl ester of NA was sig- 
nificantly higher than in all other treat- 
ments, and the potassium content of 
petioles from all spray treatments was 
significantly higher than in the untreated 
plants. 

Results of analyses of petioles 2 weeks 
after the final applications had been 
made are shown in table 2. Petioles from 
plants of all treatments, except those 
sprayed with NA, were significantly 
higher in nitrate nitrogen than the un- 
treated ones. At this time plants treated 
with lA and with the methyl ester of NA 
were significantly higher in phosphorus 
and potassium than the untreated ones. 
No significant differences among treat- 
ments were found in content of calcium 
or magnesium. 

Effects on yields.— Treatment with 
the methyl ester of NA significantly re- 
duced the total yield and yield of U.S. 
no. I size potatoes (table 3). None of the 
other growth substances influenced yield 
significantly, and the number of spray 
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TABLE 3 

Effect of different growth substances and number of .applications on total yield 
and yield of U.S. no. I SIZE potatoes. Sebago variety. 1945 


Bushels per acre 


Treatment 



Total 




U.S. no. I 

size 



I ap- 
plica- 
tion 

2 ap- 
plica- 
tions 

3 ap- 
plica- 
tions 

4 ap- 
plica- 
tions 

Av. 

I ap- 
plica- 
tion 

2 ap- 
plica- 
tions 

3 ap- 
plica- 
tions 

4 ap- 
plica- 
tions 

Av. 

Sodium 2,4-dichlorophenox- 

yacetate 

Methyl ester of naphtha- 

leneacetic acid 

Indoleacetic acid ... 

Naphthaleneacetic acid 

Untreated 

308 

214 

288 

332 

299 

300 

170 

348 

321 

334 

324 

143 

318 

326 

327 

306 

162 

329 

I 337 
; 310 

309 

172*** 

320 

328 

317 

268 

159 

24S 

283 

266 

259 

ig 8 

304 

i 277 
270 

295 

86 

266 

287 

293 

262 ; 

94 

288 

296 

283 

271 

1 1 2 ^ ^ 
276 

286 

278 

Av '• 

288 

294 

287 

289 










245 

244 

245 

245 



L.S.D. — Treatment (total) 
at .05 =29.3 bus. 
at .or =38.9 bus. 

*** at .001 = 50.6 bus. 


L.S.D. — Treatment (U.S. no. i 
size) 

at . 05 =28.6 bus. 
at .01 =38.0 bus. 

***at .001=49.4 bus. 


Number of applications — no sig- 
nificant difference 

Number of applications — no sig- 
nificant difference 



TABLE 4 


Degree of injury exhibited by tubers from plants sprayed with 
methyl ester of NA* 


TrEAT-WENT 

Total 

NUMBER 

TUBERS 

Percentage of area injured 

Number 

WITH 

CRACKS 

No 

injury 

Very 

little 

injury 

25 % 

injury 

50 % 

injury 

More 
than 50% 
injury 

Untreated 

138 

100. 0 






Sprayed once 

129 

74.4 

14.7 

2.3 

5-4 


I 

Sprayed twice 

96 

18.8 

21.9 

26.0 

14.6 

18.8 

10 

Sprayed three times .... 

127 

18. 1 

29.9 

23.6 

8.7 

19.7 

9 

Sprayed four times 

1 13 

23.9 

14.2 

iS-0 

iS -9 

: 31.0 

6 

1 


* Data refer to injured side of potato only. 
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times with methyl ester of CL-naphthaleneacetic acid; note characteristic injury resembling potato scab, 
growth cracks, and small size of tubers. Right, tubers from unsprayed plants. Fig. 2, tubers on left from 
plants sprayed four times with methyl ester of a-naphthaleneacetic acid, tubers on right from unsprayed 


applications had no significant effect on 
yield of tubers. Treatment with the 
methyl ester of NA significantly de- 
creased the percentage of U.S. no. i 
size tubers as compared with the other 
treatments. 

Tuber INJURY.—Typical injury to 
tubers and the size of tubers from plants 
which had been sprayed with the methyl 
ester of NA are shown in figures i and 2. 
The pitted-scab-like’’ injury which 


was so prevalent occurred on only one 
side of the tuber and appeared to be con- 
fined to the underside of the tubers as 
they were attached to the plant. Often 
the opposite or upper side contained a 
prominent growth crack. The injury ex- 
tended several millimeters into the tuber, 
affecting the periderm and a few cell 
layers of the cortex. There were marked 
differences in amount and severity of in- 
jury, increasing with number of spray 



TABLE 5 

Effect of different growth substances and number of applications on 

SPECIFIC GRAVITY OF POTATOES. SEBAGO VARIETY 


Spjecipic gsavity 


Treatment 

I appli- 
cation 

2 appli- 
cations 

3 appli- 
cations 

4 appli- 
cations 

Av.. 

Sodium 2,4-dichlorophenoxyace- 

tate 

Methyl ester of naphthaleneace- 

tic acid 

Indoieacetic acid. 

Naphthaleneacetic acid 

Untreated 

Av 

1.063 

1.059 

1 .061 

1.063 

1.064 

1. 061 

1.052 

1.062 

1 .061 

1.062 

1.062 

1.054 

1.060 

1.063 

1. 061 

1 . 061 

1.046 

1 . 062 
1.062 

1 . 062 

1 . 062 

I.OS 3 *** 

1 .062 

1.063 
1.062 

. . 1.062** 

1.060 

1 . 060 

1 1.059 



L.S.D. — Treatment 
*** at .001— .003460 
L.vS.D.—Number of applications 
** at .or == .0023 


TABLE 6 

Effect of different growth substances and number of applications on 

REDUCING-SUGAR CONTENT DEVELOPED BY POTATOES 
STORED FOR II WEEKS AT 40® F. 


Reducing sugar (aig./cc. juice) 


Treatment 

I appli- 
cation 

2 appli- 
cations 

3 appli- 
cations 

4 appli- 
cations 

Av. 

Sodium 2,4-dichlorophenoxyace- 






tate. 

6.16 

6.77 

5-45 

5.68 

6.01 

Methyl ester of naphthaleneace- 




tic acid. 1 

5.67 

5-75 

4.94 


S -39 

Indoieacetic acid 

4.60 

6.61 

6.82 

5.69 

5-93 

Naphthaleneacetic acid 

6.20 

6.07 

4.70 

6.95 

5-98 

Untreated 

S-6o 

5-59 ■ 

5-32 

6. 18 

5-67 

Av... 

S-< 5 o 

6.16 

5-45 

5-94 

N.S. 


No significant differences . 
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applications (table 4). A similar type of 
injury has been noted by Ennis et al, (2) 
as a result of spraying potato plants with 
ammonium 2,4,5-trichlorophenpxyace~ 
tate. 

Specific gravity oe tubers. — A 
high positive correlation exists between 
specific gravity, starch content, and dry 
weight of potatoes and the texture or 
degree of mealiness. Hence, the meali- 


Reducing-sugar content of tubers. 
—After II weeks’ storage at 40° F., re- 
ducing-sugar analyses were made of 
tubers from each treatment. The kind of 
treatment and the number of applica- 
tions had no significant effect on the 
reducing-sugar content developed in 
storage (table 6). 

Sprouting of tubers in storage 
At the end of 3 months’ storage at 50^ F. 


TABLE,? 

Effect of different growth substances and number of applications on sprouting 
OF potatoes stored for 3 MONTHS AT 50° F. SEBAGO VARIETY. 1945 


Nxjmber of sprouts per tuber 


Treatment 

I ap- 
plica- 
tion 

2 ap- 
plica- 
tions 

3 ap- 
plica- 
tions 

4 ap- 
plica- 
tions 

Av. 

I ap- 
plica- 
tion 

2 ap- 
plica- 
tions 

3 ap- 
plica- 
tions 

4 ap- 
plica- 
tions 

Av. 

Sodium 2,4-dichlorophenox- 











yacetate. 

4 -S 

3.9 

3.8 

4.6 

4.2* 

150 

180 

1 70 

140 

160** 

Mkhyl ester of naphtha- 





leneacetic acid. ..... ... . 

3-2 

I,.2 

1.8 

0.91 


130 

120 

140 

160 

140** 

Indoleacetic acid. . ....... 

4*7 

4.2 

3.9 

3-9 

■' ■ ' 4 . 2* ' 

200 

180 

190 

150 

180 

Naphthaleneacetic acid. . . . 

5.2 

3.4 

4.6 

4.0 

4 - 3 * 

160 

120 

190 

170 

160** 

Untreated 

5 - 1 

6.3 

■ S-T 

4.9 

S -4 

220 

160 

isol 

220 J 

190 

.•■''Av.. 

; 4 .S 

3-8 

3-8 

3.4 


170 

150 

170 

170 



Number of applications— no sig- 
nificant difference 

L.S.D. — Treatment 
* at .05 =0.9752 
at .01 =1.29 
^^''•at .001 = 1.68 


Weight per sprout (mg.) 


Number of applications- 
nificant difference 

L.S.D. — Treatment 
at .05 = 22 
at .01 = 29 


-no sig- 


ness of tubers can be measured by the 
specific gravity method, and they subse- 
quently are available for further chemi- 
cal analysis or other determinations or 
for planting. 

Spray treatment and number of spray 
applications resulted m statistically sig- 
nificant differences in specific gravity of 
the tubers (table 5). Treatment with the 
methyl ester of NA lowered the specific 
gravity markedly; specific gravity in all 
other treatments was the same as in the 
untreated lots. 


samples of twenty tubers were chosen 
from each lot, and data were obtained 
on number and weight of sprouts. Those 
stored at 40° F. showed no visible 
sprouts at that time. Table 7 shows that 
all spray treatments had significantly de- 
creased the number of sprouts per tuber; 
very marked reduction resulted from ap- 
plications of methyl ester of NA (figs. 
3-4). There was no significant difference 
in number of sprouts per tuber as related 
to number of spray applications of any 
of the chemicals. The relationship was 
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much the same for weight per sprout, an bean plants to the portion which had 
indication of size of sprout, as it was with been treated with indoleacetic acid, 
number of sprouts. Naphthaleneacetic acid applications in- 

Discussion creased the potassium content of petioles 

. at the first period of sampling. Applica- 

Spray applications of the methyl ester tion of none of fhe growth substances re- 
of naphthaleneacetic acid and of indole- suited in a significant decrease, compared 



Figs. 3-4.— Fig. 3, six tubers from control plants (unsprayed), showing amount of sprout growth after 
3 months* storage at 50 F.; removed sprouts from six similar tubers. Fig. 4, seven tubers from plants sprayed 
three times during growing season with methyl ester of a~naphthaieneacetic acid, showing sprout growth 
and typical “pitted-scab-like** surface injury; removed sprouts from seven similar tubers. 


acetic acid resulted in an increase in the with untreated plants, in petiole content 
petiole content of nitrate nitrogen, of any of the five mineral nutrients, 
phosphorus, and potash, compared with There is some evidence that applica- 
those from unsprayed plants. Applica- tions of certain growth substances to 
tions of sodium 2,4-dichlorophenoxy- plants result in mobilization of certain 
acetate resulted in increased petiole con- nutrients and metabolized products in 
tent of nitrate nitrogen at the second the area of application. In the present 
sampling and of potassium at the first experiment possibly application of 
date of samphng. Stuart (ii) found that growth substances to the leaves resulted 
large amounts of nitrogen and carbo- in an accumulation of certain nutrients 
hydrates moved from other portions of in the petioles. 
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Hamner (4) found that relative per- 
centage contents of calcium, phosphorus, 
and nitrogen in the bean plant were in- 
creased by the presence of naphthalene- 
acetamide in the nutrient solution. 
This may have been apparent rather 
than real in relation to other compo- 
nents, for Swartz (12) published as fol- 
lows: “A significant decrease in total dry 
weight of the Marigold plants supplied 
with naphthaleneacetic acid (o.oi mg. 
per liter) indicates a retarding effect of 
the acid on growth.” This agrees with 
the results of our experiment, in which 
yields of tubers were significantly reduced 
by the use of the methyl ester of NA. 

There does seem to be some disagree- 
ment among workers using growth- 
regulators. For instance, Laude (5), 
working with the Red Kidney bean, 
Phaseolus mlgans, found that, under cer- 
tain levels of nutrition, increases as 
great as 12.5% in total plant dry weight 
were obtained by the use of low concen- 
trations of indoleacetic acid in the nutri- 
ent solution.' 

The only treatment which resulted in 
any significant difference in yield com- 
pared with untreated plants was the ap- 
plication of the methyl ester of NA. The 
decrease in yield may have been due to 
injury to the leaves, particularly from 
the early applications, or to some altera- 
tion in the metabolism of the plant which 
resulted in accumulation of certain con- 
stituents in the leaves and stems rather 
than in the tubers. 

That the methyl ester of NA sprayed 
on leaves and stems is translocated to 
the tubers is indicated by the fact that 
most tubers produced by such plants had 
injury similar to pitted scab on their 
under surfaces and to the fact that sprout 
growth was retarded in tubers from 
sprayed plants as it is on tubers treated 
in storage with the same substance. The 


dry weight of tubers from plants sprayed 
with the methyl ester of NA, as shown 
by specific gravity measurements, was 
significantly lower than that of tubers 
from any other treatment. Smith and 
Nash (10) have shown that specific grav- 
ity of tubers may be influenced by many 
factors, such as yariety, time of planting 
and of harvest, fertilizer treatments, 
light intensity, temperature during the 
latter portion of the growing season, 
maturity, and soil moisture. Immature 
tubers are of lower specific gravity than 
mature tubers. None of the above listed 
factors can be used to explain logically 
the lower specific gravity of tubers from 
plants receiving applications of the 
methyl ester of NA. 

No significant differences in reducing- 
sugar content of tubers held ii weeks 
at 40° F. could be found among any of 
the treatments. Denny et aL (i) found 
no definite effect on the reducing-sugar 
content of the juice of tubers treated 
with the methyl ester of NA. 

Spray applications of all the growth 
substances to plants in the field resulted 
in a significant decrease in amount of 
sprout growth of tubers subsequently 
stored at 50® F. The methyl ester of NA 
was much more effective in retarding 
sprout growth than any of the other 
growth substances. Guthrie (3) ob- 
tained inhibition of sprout growth of 
potatoes by treating whole or cut tubers 
with the potassium salt of indoleacetic 
acid, the potassium salt of naphthalene- 
acetic acid, and the methyl ester of NA. 

Summary 

I. Spray applications of the methyl 
ester of a-naphthaleneacetic acid (NA), 
sodium 2,4-dichlorophenoxyacetate, a- 
naphthaleneacetic acid, and indoleacetic 
acid were made to field-grown Irish 
potatoes at several stages of growth. 
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2. Applications of the methyl ester of 
NA at 10,000 p.p.m. at the rate of 55 
gallons of mixture to the acre resulted in 
severe upward rolling of the leaves, with 
some of the leaves being injured severely. 
Rapid chemical tests of petiole tissues of 
plants sprayed with the methyl ester of 
NA showed a higher content of nitrate 
nitrogen, phosphorus, and potassium 
than in those of untreated plants. Yields 
were reduced, most tubers exhibited a 
“pitted-scabdike’' injury, specific grav- 
ity of tubers was lowered, and sprout 
growth of tubers was inhibited as a re- 
sult of spray applications of the methyl 
ester of NA. Applications of sodium 
2,4-dichlorophenoxyacetate (10 p.p.m.), 
naphthaleneacetic acid (150 p.p.m.), and 
indoleacetic acid (150 p.p.m.), at rates 
varying from 55 to no gallons to the 
acre, had no visible effects on vine growth 
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and did not affect yields of tubers, 
specific gravit}^ of tubers, or reducing- 
sugar content of tubers after ii weeks at 
40° F. storage, compared with the un- 
treated plants. 

3. Petioles of plants sprayed with 
indoleacetic acid were higher in nitrate 
nitrogen, phosphorus, and potassium 
than those of unsprayed plants. Those 
sprayed with sodium 2,4-dichlorophenox- 
yacetate were higher in nitrate nitro- 
gen and potassium; those sprayed with 
naphthaleneacetic acid were higher in 
potassium. 

4. Tubers from all the sprayed treat- 
ments, after 3 months’ storage at 50'^ F., 
had significantly less sprout growth than 
tubers from untreated plants. 

Department of Vegetable Crops 
Cornell University 
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GROWTH OF FIELD CROPS IN SOIL TREATED WITH 
CHEMICAL GROWTH-REGULATORS 

D. L. TAYLOR 

CONTRIBUTIONS RROM THE HULL BOTANICAL LABORATORY 681 


Introduction 

Reports of studies at Camp Detrick, 
Frederick, Maryland (7), emphasized the 
possibilities of the use of chemical growth- 
regulators as soil or spray treatments for 
controlling weeds in connection with gen- 
eral agricultural programs. Isopropyl-N- 
phenyl carbamate was found to inhibit 
markedly the development of seedlings of 
several common grasses, while most dicot- 
yledonous species appeared to be little 
affected by such treatments. The possi- 
bility of using 2,4-dichlorophenoxyacetic 
acid to inhibit selectively the growth of 
weeds seemed likely considering the tol- 
erances of the acid by a number of crops, 
especially grasses. 

More recent studies (2, 5, 6) have 
dealt with treatment of soils, inactiva- 
tion of seeds, seedling development, and 
the degree of persistence of activity of 
treatment and of viability of weed seeds 
in the soil. In some instances the soil was 
pretreated or treatments could be so con- 
strued. ' 

It has been suggested that treatment 
of the soil before planting crops could 
afford a desirable variation of herbicidal 
technique (2, 6). Much remains to be de- 
fined, however, regarding the quantity, 
intensity, and timing of such treatment 
in relation to specific crops, the environ- 
ment, and residual effects of treatments. 
Such effects could be reflected in the soil 
response^ about which very little is yet 
described, in the development of seeds 
and seedlings, and in the later growth of 
plants on treated soil 


Tests involving treatment of the soil 
were conducted in an effort to obtain 
further information about weed control, 
persistence of effects of treatments, and 
the growth of field crops on soil pretreat- 
ed with 2,4-dichlorophenoxyacetic acid 
(2,4-D) or isopropyl-N-phenyl carbam- 
ate (IPPC). 

Material and methods 

These field tests were conducted from 
April through September, 1946, at Lake 
Geneva, Wisconsin. Two areas of light to 
medium, loamy top soil were used. One 
soil had relatively low fertility, contained 
marl (crumbly clay and CaCOj), and 
was alkaline, pH 7. 8-7.9. The second soil, 
a medium-light silt loam, was of moder- 
ate fertility and had a pH of 6.9-7.0, 
During previous seasons both soils had 
been cultivated. 

The 2,4-D was a white powder ob- 
tained from Dow Chemical Company. 
Isopropyl-N-phenyl carbamate (IPPC), 
which was secured from Sherwin-Wil- 
liams Company, was a gray-white, gran- 
ular solid (m.-p. C.). 

The test crops, selected because of 
ease of cultivation and economic impor- 
tance, were Red Kidney bean, Henry 
spring wheat, white mustard. Golden 
Bantam sweet corn, and Silver King 
(Wisconsin no. 7) white dent corn. Kid- 
ney bean and mustard are highly sensi- 
tive to 2,4-D and apparently insensitive 
to IPPC. Wheat and corn are sensitive 
to IPPC and relatively insensitive to 
2,4-D, wheat being less so than corn. 
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Investigation 
Test i , 

Procedure— O n April 25 all weeds 
were removed from the test areas and 
2,4-D or IPPC was applied at the rate of 
o, 2, or 4 lb. per acre. Ten and five-tenths 
j or 21 gm. of the chemicalsj passed 

I through a sixteen-mesh sieve, were thor- 

I oughly mixed into 50 lb. of lake sand, 

and passed through an eight-mesh sieve. 
Each mixture was broadcast evenly over 

I test areas of 12 X 42 feet to supply the 

chemicals at the rate of 2 or 4 lb. per 
acre, respectively. All areas were raked 
over lightly once to mix the dressings 
into the top | inch of soil. 

On each planting date all weeds which 
had appeared following treatment were 
; removed from the parts of treated areas 

to be planted. Weeds were allowed to de- 
velop on the remainder of the treated 
areas, until these were required for 
plantings, in order to observe the degree 
' of weed control on the unplanted ground. 

Except in the plot treated with IPPC, 
j the initial planting was made on April 25 . 

I Nine other plantings were made in all 

areas on the 7th, 14th, 21st, 28th, 31st, 
35th, 38th, 45th, and 52d days (June 16) 
after treatment. At each planting twen- 
ty-five seeds each of corn, bean, and 
wheat were planted approximately 1.5 
inches deep in separate rows, 20 inches 
apart. 

Observations were made on the amount 
of, and time required for, emergence of 
shoots, the number and general condition 
of seedlings 30 days after planting, and 
the number and size of mature plants. 
Some corn plants were also harvested 
when they were at mid- to late-vegeta- 
tive stage of development. 

Weather, — Between April 25 and 
September 25, 16.3 inches of rainfall were 
recorded at the center of the experimen- 


tal area. More than two-thirds of it fell 
during the first 2 months (table i). Pre- 
cipitation was one and a half and two 
times normal in May and June, respec- 
tively, but during the remainder of the 
period it was only 40% of the 44-year 
normal. Throughout the summer the ex- 
tremes and means of daily temperatures 
were in general F. less than 

normal.’^ 

Rate or seedling emergence.— 
When plantings were made within a 
week after the soil was treated with 
2,4-D, the time required for emergence 
of seedlings from half of the corn or 
wheat seeds was i or 2 days, respective- 
ly, more than for the controls; for beans, 
12-16 days (fig. i). The 2-lb. treatment 
affected wheat and bean seedling emer- 
gence in successive plantings for 5-6 
weeks. This persistence effect was irregu- 
lar and less than 5 weeks in duration on 
emergence of corn seedlings for both 
2- and 4-lb. treatments but lasted about 
7 weeks for wheat and beans in soil pre- 
treated with 4 lb. of 2,4-D per acre. Thus 
the duration of inhibitory residual effects 
was somewhat proportional to initial 
rate of treatment. 

The IPPC treatment had slight and 
irregular, if any, effect on the emergence 
of bean, but markedly decreased and 
slowed the emergence of the cereals (fig. 
i). Again corn appeared less sensitive 
than wheat. Not until seed was planted 4 
weeks after treatment did 50% emergence 
of wheat occur, and then emergence of 
the much-stunted seedlings was delayed 
7-10 days in comparison with the con- 
trols. The number of emerging corn seed- 
lings, which were delayed for 8-20 days 
depending on the interval between soil 

^ The author is indebted to the Yerkes Observa- 
tory of the University of Chicago, Williams Bay, 
Wis., and to Miss Mary Calvert for information 
concerning average rainfall and temperature and 
for data on temperatures for 1946. 
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treatment and planting, was less than plantings made within 4 weks after 
half that of the control if plantings fol- treatment with 2, 4-D. The tops of con- 
lowed within 2 weeks after treatment. trol plants appeared to be two or more 
Seedling number and condition. — times as large as those for plantings made 
Observations were made on the general within 2 or 6 weeks following application 
condition and numbers of seedlings 30 of 2 or 4 lb., respectively, of 2, 4-D per 
days old in relation to time of emergence acre. 

of seedlings and survival of plants to ma- Development of root systems was cur- 
tiirity. Beans, when planted up to 5 tailed and abnormal when beans were 
weeks following application to the soil planted within 2 weeks after treatment 


TABLE 1 

Summary of data on rainfall and temperature at Lake Geneva, 
Wisconsin, during May through September, 1946 


Rainfall and temperature | 

May 

June 

July 

August 

September 

■ 

Rainfall (in inches) 

Recorded, 1946 

4.06 

7 - 3 S 

1. 91 

1.74 

1. 19 

Difference from normal 

4* 1.67 

■ i 

+ 3.69 

— 1.46 

— 2.04 

““ 2.64 


Temperature (in * F.) 

Mean recorded, 1946. 

55 -S 

66.0 

72.6 

68.2 

64.0 

Difference from normal. ... ..... 

■ — 2..0 

- 1.6 

- 0.3 

- 2.7. , 

+ O.S 

Mean maximum recorded, 1946 . 

66.5 1 

76-5 

83.6 

79.3 

76.0 

Difference from normal 

— 2.1 

~ 1.9 

- o.s 

- 2.S 

+ 2.2 

Mean minimum recorded, 1946 . . 

44.5 

55-4 

61.6 

57.0 

52.0 

Difference from normal. ....... 

— 2.0 

— 1.6 

- 0.3 

_ 2.7 

+ 0.5 


of 2, 4-D at the 2-lb. rate, had shoots of soil with 2,4-D. In most instances only 
slightly smaller than the controls and curved hypocotyls emerged from the soil, 
showed distinct symptoms of 2,4-D ef- Normal-appearing roots often developed 
feet on the leaves— especially attenuat- at subsurface cotyledonary nodes of such 
ed, abnormally shaped primary leaves, plants, and a few shoots emerged very 
Leaf symptoms which developed when tardily from the soil. Inhibited mis- 
seed was planted 45 days after the 4-lb. shapen primary root systems of some 
treatment were soon outgrown. such plants were completely elevated by 

No growth-regulator treatment of soil subsequent straightening of the hypo™ 
appeared to induce an increase in the size cotyls. 

of seedling shoots of any planting of In plantings of beans made within 2 
beans. Inhibition of shoot was distinctly weeks after treatment the populations of 
visible on seedlings 30 days old from seedlings were smaller, in proportion to 
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the rate of application of 2,4-D, than in 
untreated soil. Seedlings, 30 days old 
from plantings made within 3 weeks after 
the soil was treated with 2,4-D, were less 
able to survive to maturity than control 
seedlings (fig. 2). 

Pre treatment of soil with 4 lb. of 2,4-D 
per acre reduced the size of populations 
of wheat seedlings distinctly less than of 
beans (fig. 2). The decreases of wheat 
were less in soil treated with 2 lb. of the 
acid per acre. The percentage of survival 
of wheat seedlings to maturity from 
plantings made within 4 or 5 weeks after 
soil treatment was lowered slightly by 
both rates of application. 

The sizes and subsequent survival of 
populations of corn seedlings indicated 
that, of the crops tested, corn was least 
inhibited by the 2,4-D treatments. When 
plantings were made 4 or 5 weeks after 
pre treatment of soil with either rate of 
application, shoots appeared normal in 
size after 30 days of growth. In plantings 
made more than 5 weeks after treatment, 
seedlings 30 days old seemed normal and 
somewhat larger than in untreated soil. 

Treatment of soil with IPPC did not 
appear to influence markedly the sur- 
vival of bean seedlings (fig. 2). With 
wheat, however, the sizes of populations 
and the inability of many seedlings to 
survive if plantings were made within 5 
weeks after treatment reflected the dis- 
tinct inhibitory effect of IPPC on this 
crop. With corn, by the end of 30 days, 
populations were reduced 75% or more 
if planted within 2 weeks after treat- 
ment (fig. 2), but seedlings developed 
from three-fourths of the corn seed 
planted 3 weeks after treatment. With 
later plantings, the treatment appeared 
to have no consistent effect on corn 
seedling populations or their survival. 
Subsequent survival of 30-day-old seed- 
lings was greater for corn than for wheat 


when plantings were made withiii 3 
weeks after treatment. 

Weed responses.-- -Growth of weeds 
was distinctly reduced by pretreatment 
of soil wdth 2,4-D. IPPC did not influ- 
ence the growth of dicotyledonous weeds 
and did not appear distinctly effective 
against yellow bristle grass, SetaHa lutes- 



Fig. I. — Differences in time required for emer- 
gence of bean, wheat, or corn seedlings from half of 
seeds planted in untreated soil and in soil pre- 
treated with ( 4 ) 4 lb. of 2,4-D p)er acre, (B) 2 lb. of 
2,4-D per acre, or (C) 4 lb. of IPPC per acre. Wheat 
did not emerge when plantings w^ere made immedi- 
ately, 7 days, or 21 days after soil was treated with 
IPPC. Numbers of days required for emergence of 
seedlings from successive plantings in untreated 
soil were: bean, 18, 13, ii, ii, ii, 9, 9, 8, 9, 10; 
wheat, 12, 10, 7, 6, 6, 5, 7, 5, 5, 7; and corn, ii, 8, 
7, 8, 6, 6, 8, 6, 7, 9, respective^. 

cens (Weigel) F. T. Hubb., or crab grass, 
DigUaria sanguinalis (L.) Scop. — the 
major weed grasses present. 

All the planted areas were again weed- 
ed during the third week in June and the 
last week in July because weeds were ex- 
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f /f,' f of bean, wheat, and corn plants present at 30 days [upper) or harvested [lower) when 

twenty-five seeds of each were sown at intervals up to 32 days following treatment of soil with 2,4-D or 
IPPC. Four bars which represent each planting denote soil treatments: left lor, untreated soil; hatched, bar, 
P®r acre; J/oc^ Jar, 4 lb. of 2,4-D per acre; right bar, 4 lb. of IPPC per acre. Numbers along 

differen?SiSThSn online 
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cessive in the untreated and in the IPPC- 
pre treated areas. 

Weight oe. vegetative tops oe copn. 
— During June and July, when condi- 
tions prevailed which were favorable for 
the growth of corn, it became apparent 
that plants in soil pre treated with 2,4-D 
were exceeding others in size. On Au- 
gust I, when 98-46 days old, one-half of 
the plants from each planting were har- 
vested. The silks were then dry on corn 
planted within 2 weeks after soil was 
treated and were functional on plants 
from the succeeding four plantings. Corn 
planted 38 or 45 days after soil treat- 
ment was tasseled and coming into tassel, 
respectively. In the last planting the 
tassels had not emerged. 

In the first six plantings (made within 
31 days after soil treatment) the fresh 
weight of tops of corn grown in soil treat- 
ed with 2 lb. of 2,4-D was greater than 
the controls by 6-58% (table 2). In such 
soil the weights of tops of later plantings 
were less regularly related to treatment 
conditions and approximately were equal 
to the controls or exceeded them by up 
to 50%. When maximum drought condi- 
tions prevailed during the period when 
major growth normally would have oc- 
curred (plantings 6 and 7), the weights 
of shoots were most nearly equal for 
plants grown in treated and untreated 
soil. 

Corn planted 2 weeks or more after 
treatment of soil with 4 lb. of 2,4-D per 
acre had stems which were 12-45% 
heavier than plants grown in untreated 
soil. As the length of the period between 
soil treatment and planting date in- 
creased, the weights of the shoots of such 
treated plants tended to exceed by great- 
er amounts those grown in soil treated 
with 2 lb. per acre. It did not appear that 
2,4-D had otherwise altered the general 
developmental sequence of corn. 


Pre treatment with IPPC resulted in 
shoots of smaller weight as compared 
with controls when plantings were made 
up to about 5 weeks after soil treatment. 
The appearance of tassels and silks ap- 
peared to be delayed for 1-2 weeks. Later 
plantings were not so influenced by the 
soil treatment. 

Population and weight oe tops oe 
MATURE plants. — Mature crops at ages 
of 91 days, or more, which had been 
planted within 5 weeks, or less, after the 
time the soil was treated were counted 
and harvested on August 29. In order to 
allow them to mature, the later plantings 
were not harvested until September 12, 
when they were 102-88 days old. At the 
time of harvest all beans had finished 
flowering and pods were full, wheat was 
past the ■^milk-dough’’ stage, and the 
ears of corn were filled out. 

Some older leaves of wheat plants 
more than 90 days old had dried, and 
plants 15 weeks old were dry. During the 
growth period it appeared that flowering 
of beans growing in soil treated with 
2,4-D had been delayed 10-14 days. 
Bean plants grown in soil pretreated 
with growth-regulators, especially with 
IPPC, remained green longer than con- 
trols. 

Pre treatment of soil with 2,4-D re- 
duced numbers of beans which survived 
to maturity compared with controls if 
plantings were made up to 2 weeks after 
treatment (fig. 2) . This response occurred 
in wheat planted within 4 weeks of the 
time of treatment. The numbers in ma- 
ture corn populations were limited only 
slightly, if at all, when plantings followed 
treatment of the soil with 2,4-D by i 
week (fig. 2). 

When soil was pretreated with IPPC, 
numbers of bean plants were not limited 
compared with controls if plantings were 
made more than i week after treatment. 
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Numbers of corn or wheat plants were 
reduced if plantings followed this treat- 
ment within 3 or 4-5 weeks, respectively. 

The fresh weight of tops of mature 
bean plants in soil pretreated with 2 lb. 
of 2,4-D per acre was lower than the con- 
trols for the first five plantings (table 3) 
and for the first six plantings in soil 
treated at the 4-lb. rate. Tops grown in 


soil treated with IPPC were heavier than 
the controls when plantings were made 
within 5 weeks after treatment. Bean 
plants grown in soil treated with 2,4-D 
were heavier and those in IPPC-treated 
soil were lighter than the controls when 
planted more than 5 weeks after the soil 
was treated (table 3). 

Vegetative stems of corn and mature 


TABLE 2 

Average fresh weights of tops of vegetative and mature corn planted at intervals 

DP to 52 DAYS AFTER SOIL WAS TREATED WITH 2,4-DICHLOROPHENOXYACETIC ACID 
(2,4-D) OR ISOPROPYL-N-PHENYL CARBAMATE (IPPC) 


D.ATE OF PLANTING 


Length op time 

(days) 

Treatment 

Growth 

to planting 

period 


Untreated 

soil 

(gm.) 


Average weight op tops per plant 


Percentage difference* from tops in 
untreated soil when soil was 
pretreated with — 


a , 4 

-D 


: 4t 


April 25 . 
May 2. , 
May 9. . 
May 16. . 
May 23 . . 


June 2 . , 
June 9 . , 
June 16. . 


0 

98 

632 

+58 

- 6 

Not planted 

7 

91 

613 

+32 

4 

, ■ ->27 

14 

84 

649 

+45 

4-21 

'—32 

21 

77 

630 

+ 6 

4-25 

: , 

28 

70 

605 

+32 

4-27 

— 26 

31 

67 

671 

+ 8 

4-12 

“27 

35 

63 

731 

-13 

4-19 

“24 

38 

60 

541 

+23 

4-29 

— 2 ■ 

45 

53 

585 

+ 2' 

+15 

“■ ' 3 

52 

46 

307 

' +50 

+45 

+15 


April 25 . 
May 2. 
May 9 . 
May 16. 
May 23 . 
May 26 . 
May 30. 
June 2 . 
June 9 . , 
June 16. , 


0 

126 

644 

. +50 

+ 17 

Not planted 

7 

119 

765 

+27 

+59 

No harvest 

14 

112 

83s 

+ 18 

4-12 

“28 

21 

los 

722 

+50 

+35 

“45 

28 

98 

881 

+34 

+ 2 

“40 

31 

95 

824 

■“ 4 

- 6 

“16 

35 

91 

743 

“ 8 

-• 5 

— 12 

38 

102 

681 

+ 3 

+18 

“ 6 

45 

95 

652 

+ 15 

“ 3 

“I9 

52 

88 

802 

+ 5 

— 2 

“12 


weight of top per plant^f f^?ag?grow?in untStedS"!^^ calculated m relation to value of ioo% assigned to average 

t Equivalent pounds per acre. 
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tops of wheat were lighter than the con- 
trols when planted less than 40 days 
after the soil was pretreated with IPPC. 
Mature tops of corn were lighter than the 
controls for all plantings in the IPPC- 
treated soil. 

The tops of wheat plants were ap- 
proximately equal to the controls in 
weight for plantings made i or 2 weeks 


The tops of mature corn plants from 
plantings made within 3-4 weeks after 
application of 2j4-D were consistently 
heavier than controls by 12-59% (table 
2). Stems from later plantings in treated 
and untreated soil were about equal in 
size, whereas the vegetative tops of such 
plants in soil pre treated at the 4-lb. rate 
had been heavier than controls. Vegeta- 


TABLE 3 

Average final fresh weights of tops of bean and wheat plants grown for periods of 
88-126 days after seeds were sown at intervals up to 52 days follow- 
ing pretreatment of soil with 2,4-D or IPPC 


Date oe 

Length oe time 
(days) 

Average wteight op tops per plant 

Treat- 
ment to 

Growth 

period 

Untreated soil 
(gm.) 

Percentage difference* from tops in untreated soil when 
soil was pretreated with — 

PL-ANTING 


2,4- 

D 


IPPC 


planting 




2t 

4 t 

4 t 


Bean 

Wheat 

Bean 

Wheat 

Bean 

Wheat 

Bean 

Wheat 

April 25 .... . 

0 

126 

183 

6.8 

— 26 

-19 

-15 

-59 

Not 

Not 










planted 

planted 

May 2 ..... ! 

7 

I19 

202 

4*5 

-33 

— 2 

-74 

■ -78 

4-41 

No stand 

May 9 .... . 

14 

II2 

m 

5.0 

' ““54 

4-20 

-80 

-62 

4-22 

No stand 

May 16. ... . 

21 . 

los 

172 

8.3 

— 21 

~3S 

-69 

-41 

-j- 8 

No stand 

May 23 

28 

98 

133 

ir.6 

— II 

-33 

-24 

-28 

+44 

-38 

May 26 . . . . , 

31 

95 

122 

9-3 

-fig 

-14 

-32 

-42 

+33 

+20 

May 30. . . . . 

35 

91 

132 

10.9 

+33 

— 26 

4*20 

-44 

+22 

— 16 

June 2 

38 

102 

127 

13 -5 

+15 

— 22 

0 

-42 

-13 

— 21 

June 9 .... . 

45 

95 

17s 

6-5 

4- 24 

■ — I 

- 9 

0 

-13 

+17 

June 16. . . . . 

52 

88 

207 

7-9 

+23 

-14 

4-42 

4*25 

— 20 

- 9 


* Relative average weight of tops of plants grown in treated soils is calculated in relation to value of ioo% assigned to average 
weight of top per plant of same age grown in untreated soil, 
t Equivalent pounds per acre. 


following treatment of the soil with 2 lb. 
of 2,4-D per acre (table 3). Unavoidable 
loss of some dry mature parts of plants 
on treated soil may have accentuated the 
differences between their weights and 
those of the controls planted 2-6 weeks 
after treatment. Tops of wheat planted 
within 6 weeks after the soil was treated 
with 4 lb. of 2,4-D per acre were up to 
75% lighter than those of controls, de- 
pending on the pretreatment period. 


tive shoots produced from plantings 
made within a week after application of 
this treatment had been about equal to 
control plants in weight. 

Test 2 

Late in May, when shoots of corn 
plants growing in soil pretreated with 
2,4-D began to appear larger than the 
controls, the question of the magnitude 
of the effect of weed competition arose. 
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A second test was initiated to attempt to 
determine whether the apparent greater 
growth of corn in treated soil was due to 
the competition between corn and weeds 
in the untreated area or to an actual 
stimulation of growth resulting directly 
from treatment of the soil. 

Procedure.— The methods were in 
most ways similar to those used in test i. 
All weeds were removed from an area of 
silt-loam soil which did not contain marl 
and which had a pH of 6.9-7 .o. This area 
was divided into three parts, each 8X25 
feet, by shallow trenches. 

On June 2 two parts were treated with 
2,4-D at rates of T or 3 lb. per acre. The 
third part was left untreated. Plantings 
were made in one-third of each area 20, 
30, or 40 days after treatment. Imme- 
diately before each planting all weeds 
were removed from all treated areas. 
After the planting on the 20th day, weeds 
were not removed from the areas planted 
at that time, but the remaining parts of 
the treated areas were kept free of weeds 
throughout the test period. 

At each planting 64 grains of sweet 
corn and 30 white mustard seeds were 
sown in each area. Such mustard seed- 
lings as developed were removed 20 days 
after planting by which time their re- 
sponse had indicated any residual in- 
hibitory activity of the soil treatments. 
The amount and time of emergence of 
seedlings and the growth of weeds in the 
areas treated 20 days before planting 
were observed. Half of the corn from 
each planting was harvested when 48 
(late vegetative) or 72 days old (fully 
reproductive). 

Results.— By 10 days after mustard 
seeds were sown in soil pretreated for 20 
days with i or 3 lb. of 2,4-D per acre, 
emergence was 13% or 7%, respectively, 
compared with more than 75% emer- 
gence in untreated soil. Seedlings in 


treated soil were much stunted. No fur- 
ther emergence from treated soil oc- 
curred. Less than 50% of the mustard 
seed produced seedlings, except when 
sown 40 days after treatment. Their 
emergence was delayed for 1-2 days, and 
strong symptoms of effect of treatment 
with 3 lb. of 2,4-D were evident in this 
last planting. 

The numbers of corn seedlings which 
emerged from the 20-day planting in 
pretreated soils were equal to those in 
the controls, but emergence was delayed 
for a day. Similar delay resulted for corn 
planted 30 days after soil had been treat- 
ed with 3 lb. of 2,4-D per acre. In the 30- 
and 40-day plantings 15-35% more 
seedlings emerged during the period of 
drought from pretreated than from un- 
treated soil. Survival of seedlings to ma- 
turity did not appear to be influenced by 
the treatments. 

Suppression of the number and size of 
weeds, which principally were purslane, 
Portulaca oleracea L., chickweed, Alsine 
media L., and yellow bristle grass, in 
areas treated with i or 3 lb. of 2,4-D per 
acre was 85% or 95%, respectively, com- 
pared with weeds in untreated soil. To 
some extent reduction was proportional 
to rate of treatment, although all areas 
pretreated with 2,4-D were remarkably 
free from weeds. 

Three weeks after the first planting, 
corn plants in soil treated with 3 lb. of 
2,4-D per acre appeared as large as the 
controls, and those in soil treated with 
I lb. appeared larger than controls. 
Plants in untreated soil appeared to grow 
more slowly than those in treated soil as 
the growth period progressed. There was 
no indication that 2,4-D treatments in- 
fluenced the time of appearance of tassels 
or silks. 

Corn of the 20- and 30-day plantings 
was in tassel, just showing silks, and the 
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40-day planting was only in tassel when 
48-day-old plants of each of these lots 
were harvested. When plants 72 days old 
were harvested, they were green and 
ears were edible. In the plantings made 


treatment with 3 lb. of 2,4-D per acre 
resulted in larger plants. It is evident 
that stimulation in the growth of corn 
resulted from pretreating the soil with 
2,4-D, whether weeds were allowed to 


TABLE 4 

Total yields and average weights of tops of corn grown in untreated soil and in 
SOIL pretreated with 2,4-D 20-40 DAYS BEFORE PLANTING 


Pl^wting 

Growth- 

regu- 

lator 

TREAT- 

MENT 

(lb. /acre) 

Total harvest 

Average fresh weight jVnd % differ- 
ence IN average weight of tors 

PER PLANT HARVESTED AT — 

Time 

after 

treat- 

ment 

(days) 

Management 

No. of 
plants 

Weight and % dif- 
ference in weight 

48 days 

72 days 

Kg. 

% 

Gm. 

% 

Gm. 

% 

20 

Not weeded 

0 

K 2 

7 • 6s 


132 


162 


Not weeded 

I 

54 

13-64 

+78 

2 II 

-|- 6 o 

294 

+ 8 r 


Not weeded 

3 

51 

11.48 

+50 

180 

+36 

272 

-{-68 


Weeded 

0 

48 

10.60 


153 


288 



Weeded 

I 

46 

15-73 

+48 

258 

+69 

425 

+48 


Weeded 

3 

55 

18.49 

+74 

250 

+63 

425 

-{-48 

40 

Weeded 

0 

34 

4-74 


107 


172 



Weeded 

I 

38 

5.87 

+ 24 

146 

+36 

163 

5 


Weeded 

3 

47 ■ 

8.05 

+70 

145 

+35 

197 

+ 15 





30 days after treatment many ears of 
control plants were less well filled than on 
plants grown in treated soil. 

Fresh weights of vegetative and repro- 
ductive tops (table 4, fig. 3) grown in 
treated soil were distinctly greater than 
in the controls. When pretreatment was 
with I lb. per acre, the tops of 48-day-old 
plants from the 20-day planting were 
heavier than those in soil treated with 3 
lbs. per acre. This difference was half as 
great when the plants were 72 days old. 
For other plantings and treatments this 
relationship was reversed. 

When plantings were made more than 
20 days after treatment, differences in 
the intensity of treatment did not result 
in differences in the weights of tops with 
the exception of the 72-day plants from 
the 40-day planting. In the latter case 


WiKf t 3 113 3 LBS./A. 

AGE OF PLANTS 48 72 48 72 DAYS 

Fig. 3. — Relative differences from controls 
(Untr.) in numbers of plants harvested and in 
average fresh weights of 48- or 72-day-old tops from 
corn planted 20 days (solid bars), 30 days {hatched 
bars), or 40 days (white bars) after soil was treated 
with I or 3 lb. of 2,4-D per acre. 

grow and compete or were removed by 
cultivation. 

Discussion 

In these field tests a desirable inhibi- 
tion of weed growth resulted, and re- 



442 


BOTANICAL GAZETTE 


[march 



sponses of test crops indicated that 
residual activity of IPPC or 2,4-D per- 
sisted in soil approximately 5 or 7 weeks, 
respectively. Some inhibition of the 
growth of kidney beans dr wheat oc- 
curred in plantings made up to s or 6 
weeks, respectively, after the soil was 
treated with 2,4-D. Bean shoots were 
slightly heavier than controls if plantings 
were made 4I weeks, or more, after the 
soil was treated with 2,4-D or within 5 


periods which lasted not more than 3--’4 
weeks after treatment. 

In general, the development of beans 
and mustard was more inhibited than 
that of wheat and corn in proportion to 
intensity of 2,4-D treatment (treatment 
rate X time interval between treatment 
of soil and planting); IPPC had more 
effect on the cereals. The responses of 
test crops in soil treated with 4 lb. of 
2,4-D per acre were, for the most part. 


Criterion 

Treat- 

ment 

(eb./acre) 

Crop tested 

Bean 

Wheat 

Corn 

Time required for emergence of seedlings. 


4i 

■'s., 

5 


l4 

7 

6 

3-5 

Number of seedlings emerged during 30 days after 

/2 

3 

I 

0 

planting. 

u 

4-6 

4-5 

3-4 

Visible S 3 miptoms of deleterious effects on tops. . 


si 

4i 

4“4i 


u 

7i 

6i~7i 

• S' 

Number of mature plants. 

(2 

3"4 

4i 

1-2 


! \4 

4-6 

6 

3-4 

Survival of seedlings after 30 days 

/2 

3 

3 

I 


14 

3 

4”4i 

2 

Weight of mature tops. 

/2 

4i 

5-6 

0 


u 

S 

5-6 

1-2 


weeks after soil treatment with IPPC. 
The rate and amount of growth of corn 
was distinctly stimulated when soil was 
pretreated with 2,4-D. 

Dicotyledonous weeds were almost 
completely eliminated throughout the 
growing season on neutral and alkaline, 
medium-light, field soil which was treat- 
ed at the start of the season with 1-4 lb. 
of 2,4-D per acre. IPPC did not influence 
the growth of such weeds. The growth of 
yellow bristle grass and crab grass was 
slightly greater in untreated soil than in 
soil treated with 2,4-D or IPPC during 


parallel to but delayed for about 2 weeks 
compared with those for the 2-lb. treat- 
ment. 

Table 5 summarizes the duration of 
inhibitory responses in test i. The com- 
bined effects of strong inhibition of root 
systems of bean, abnormal shoot growth 
of which was appreciable, and drought 
condition during the period when major 
growth normally occurred seem the most 
plausible explanation for the small sizes 

populations (fig. 2) and the low weight 
of mature plants (table 3) from plantings 
made 5 or 6 weeks after treatment of soil 


TABLE 5 

Length OF time (weeks) required between treatment of soil and sowing 

OF SEED in order THAT PLANTS IN SOIL TREATED WITH 2,4-D AND IN 
untreated soil were SIMILAR CONCERNING VARIOUS CRITERIA 
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I, 


with 4 lb. of 2, 4-D per acre. Data on 
other crops for these plantings are not 
contradictory to this explanation. The 
relatively large weights of mature shoots 
of wheat for plantings made 1-2 weeks 
after treatment with 2,4-D may in part 
have been due to unavoidable loss of 
parts of control plants which were com- 
pletely dry before harvest. Relatively 
heavy shoots from the last planting in 
soil treated with 4 lb. per acre may in 
part have resulted from the effect of 
2,4-D treatment in slightly prolonging 
the green condition of plants. 

Responses likely resulted from the in- 
fluence of the calcium salt of 2,4-D 
formed by reaction with marl (CaCOj) 
in the soil which was low in organic mat- 
ter. It should be recalled in considering 
residual activity that 11.5 or 8.5 inches 
of rain fell during 6-8 weeks immediately 
after treatment of soil in tests i or 2, re- 
spectively. Also, the temperature during 
the first 2 weeks of test i was unfavor- 
able for growth of kidney beans and corn. 

On the basis of the criteria described, 
some residual inhibitory activity of 2,4-D 
lasted in the soil for about 50 days com- 
pared with 95% survival of soybeans 
which DeRose (i) reported for plantings 
made 90 days after 2,4-D was applied at 
the rate of 50 lb. per acre on silt-loam soil. 
In greenhouse tests Mitchell and 
Marth (6) found normal emergence of 


sisted about 5 weeks in the soil com- 
pared with 7 weeks for 2,4-D when ap- 
plications were made at the rate of 4 lb. 
per acre. This relation corresponds with 
that found in greenhouse tests with non- 
alkaline silt loam and in field tests where 
applications were made at the rate of 
50 lb. per acre (i). 

Dry leaves were almost lacking at 
harvest time on bean plants, 8-44% 

TABLE 6 

Length of time (weeks) required between 

TREATMENT OF SOIL V¥ITH 4 LB. OF IPPC PER 
ACRE AND SOWING OF SEED IN ORDER THAT 
PLANTS IN TREATED AND IN UNTREATED 
SOIL WERE SIMILAR CONCERNING VARIOUS 
CRITERIA 


Criterion 

Bean 

(Wheat 

Corn 

Time required for emergence of 

seedlings 

Number of seedlings emerged 

■1-2 

5-6 

4-5 

during 30 days after planting . . 
Visible symptoms of deleterious 

. 2 

5 

4”S 

effects on shoots 

1-2 

si 

' 4 I 

Number of mature plants .... . . 
Survival of seedlings after 30 

2 

S 

4 

days. 

0 

4"S 

■3 ^ 

Weight of mature tops 

0 

5 

j.s-^ 

i 


heavier than controls, for plantings made 
within 5 weeks after soil was pretreated 
with IPPC. The period during which 
this response was evident corresponds 



barley but ^ deduced” emergence of mus- well with the period and intensity of 
tard in a soil low in organic matter which residual activity indicated by other cri- 
had been treated with 4 or 14 mg. of teria. Prolongation of the green condition 
2,4-D per pound and then stored dry for of tops of beans for plantings made 4I 
I or 6 months, respectively. weeks or more after treatment of soil 

Table 6 summarizes the duration of with 2,4-D must have contributed to the 
inhibitory effects of soil treatment with relatively heavier tops of these plants. 
IPPC. There was little consistent effect However, such plants were visibly slight- 
of IPPC treatment on later plantings of ly larger and their lower stems thicker 
corn or wheat. The green condition of than those of control plants. Rather dis- 
wheat plants was slightly prolonged. tinct apparent increases over the controls 
It appeared that temporary and in- in the size of vegetative plants have been 
hibitory effects of IPPC activity per- observed for kidney beans planted in 
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soil which had been in moist warm stor- 
age for I-2 months following application 
of2,4-D(4). 

The most striking response was the 
distinctly greater growth of corn in soil 
pretreated with 2,4-0 than in untreated 
soil (tables 2-4). Compared with con- 
trols, tops were distinctly (13%) lighter 
only for one planting and were distinctly 
heavier (12-60%) for a majority of the 
twenty plantings made in treated soil in 
test I. Stimulation was most consistent 
when plantings were made within i 
month after treatment and was greatest 
for plantings which followed within 2 
weeks after soil was treated with 2 lb. 
of 2,4-D per acre. The vegetative stems 
of corn for early sowings in soil treated 
with 4 lb, per acre weighed less than 
those in soil treated at the 2-lb. rate but 
were practically equal to controls. In soil 
treated at the 4-lb. rate, vegetative corn 
plants were consistently heavier (12- 
45%) than, controls in later plantings. 
Hanks (3) found an apparent stimula- 
tion of root elongation when the corn 
bio-assay technique was used to measure 
residual activity in leachates obtained 
from different soils which had been held 
in moist storage for 2-6 weeks after treat- 
ment with the acid or its calcium salt. 
The response was most consistent for 
sandy loam stored for 2 weeks or alka- 
line silt loam stored for 6 weeks. 

The length of the period of vegetative 
growth and the total numbers of corn 
plants available for harvest did not ap- 
pear distinctly influenced by 2,4-D treat- 
ment. Survival of plants which were 
most subjected to drought condition (40- 
day planting in test 2) appeared to be 
slightly greater in soil pretreated with 
2,4-D than in untreated soil (table 4, 
fig- 3)- 

Mature stems of corn grown in treated 
soil were 12-59% heavier than controls 


for plantings made within i month after 
treatment in test i and 15-60% heavier 
in weed-free soil for plantings made 30 
or 40 days after treatment in test 2. 
Weed competition in untreated soil was 
undoubtedly an influencing factor in 
test I and for the 20-day plantings in test 
2. In the latter case the ground was not 
weeded, and lush weed growth occurred 
in untreated soil, while treated areas re- 
mained relatively free of weeds. 

On the bases of weight of vegetative or 
mature tops, growth of corn in treated 
soil was greater or more rapid than the 
controls when plantings were made 30 
days after treatment; when made 40 days 
following treatment, the difference was 
lessened (table 4). Control plants grew 
faster, or more, during the latter part of 
the growth period than plants in treated 
soil when plantings were made more than 
4 weeks after treatment in test i or when 
plantings were made 30 days or more 
after treatment in test 2. 

It seemed that more rapid growth oc- 
curred in soil treated with 2,4-D but that 
final weights of plants for later plantings 
were more nearly equal in untreated and 
treated soil. This is clearly evident for 
the 40-day planting in test 2. Apparent 
stimulation of growth was consistent and 
permanent in appreciable amount when 
corn was planted 30 days or less after 
treatment of the soil with 2,4-D. 

Changes in the amount of crop re- 
sponses which indicated deleterious or in- 
hibitory influence of soil treatments with 
2,4-D seem quite compatible with a pro- 
gressive decrease of residual toxic ac- 
tivity during 7 weeks. This occurrence in 
combination with a progressive decrease 
in a residual stimulating influence could 
account, at least in part, for the relative- 
ly greater growth during the latter part 
of the growth period by control plants 
for later plantings and likewise for rela- 
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tively greater growth of corn for earlier 
plantings in soil treated with 4 lb. of 
2,4-D per acre. 

Viewed as a whole, the results of these 
tests strongly indicate that with proper 
management of treatment a combination 
of weed control with desirable stimula- 
tion of crop growth might be possible. 

Stimmary 

1. In two field tests 2,4-dichloro- 
phenoxy acetic acid (2,4-D) and isopro- 
pyl-N-phenyl carbamate (IPPC) were 
applied as top dressings in dry form at 
rates from i to 4 lb. per acre on neutral 
or alkaline loam soils at the start of the 
growing season. Successive plantings of 
Red Kidney beans, mustard, wheat, 
field corn, and sweet corn were made at 
intervals up to 52 days after the time of 
treatment of the soil. 

2. Desirable control of weeds during 
the growing season resulted from treat- 
ment with 2,4-D, while IPPC did not in- 
fluence dicotyledonous weeds and had 


and amount of their emergence, number 
and condition of 30-day-old seedlings, 
survival of seedlings to maturity, and 
the amount of growth of tops, appeared 
to persist in the soil 7 weeks for 2,4-D 
and 5 weeks for IPPC. The growth of 
corn indicated that residual activity of 
the acid lasted longer than 7 weeks. 

4. Growth-regulator treatments slight- 
ly prolonged the green condition of kid- 
ney beans; IPPC similarly influenced 
wheat. 

5. Weights of shoots of mature bean 
or wheat plants grown in untreated soil 
and in soil treated with 4 lb. of 2,4-D 
per acre were equal when plantings were 
made 5-6 weeks after treatment. 

6. The weights of shoots of kidney 
beans were generally slightly heavier 
than controls if plantings were made 
more than 4 weeks after treatment of the 
soil with 2,4-D. 

7. Shoots of corn grew more rapidly 
and were heavier in soil pretreated with 
2,4-D than in untreated soil. This stimu- 


only slight temporary inhibitory effect 
on weedy grasses. 

• 3. Activity of the 4-lb. treatment of 
these growth-regulators, which was eval- 
uated on test crops by means of the rate 


lation was considered in relation to weed 
competition and residual activity of 
treatment. 

Department of Botany 
University of Chicago 
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SPECTROPHOTOMETRIC METHOD FOR DETERMINATION OF 
2 , 4 -DICHLOROPHENOXYACETIC ACID 

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY S 82 
ROBERT S. BANDURSKI 


The use of 2^4-dichlorophenoxyacetic 
acid (24-0) as a differential herbicide 
applied directly to soil has stimulated 
investigation of the factors involved in 
its retention in that medium. Measure- 
ment of the persistence of the herbicide 
in stored soil has been accomplished by 
seedling emergence tests (3) , and its con- 
centration in the leachates of treated 
soils has been determined by Hanks (i) 
using the bio-assay method of Swanson 
(S). 

A spectrophotometric method for the 
determination of 24-D was developed in 
connection with a study of its retention 
by various soil components and synthetic 
ion-exchangers placed in contact with 
aqueous solutions of the acid. The meth- 
od may be applied to the quantitative 
determination of 24-D in aqueous or 
ether solutions and in extracts of sand, 
clay, peat, and soil, provided that the 
concentration of other compounds which 
absorb light in the ultraviolet region does 
not become prohibitive. 

Synthesis and purification 
OF 2,4-D 

Since commercial grades of 2,4-D may 
contain small amounts of compounds 
having chlorine atoms substituted at 
places other than the 2,4 positions, it 
was considered desirable to prepare this 
reagent. The method of synthesis, 
though not the purification procedure, is 
essentially that of Pokorny (4) . Equi- 
molar concentrations of 2,4-dichloro- 
phenol (Eastman Kodak-white label), 
monochloroacetic acid (Merckxs), and an 
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excess of sodium hydroxide were placed 
in a small quantity of water and heated 
to near-dryness on a steam bath. The 
residue was washed with several portions 
of 95% ethanol and then dropped into a 
solution of 5% hydrochloric acid. The 
hydrochloric acid was decanted, and the 
crystals of 2,4-D were washed repeated- 
ly with water. They were then dissolved 
in a minimal amount of 80% ethanol, the 
solution filtered, and the acid recrystal- 
lized by slow evaporation of 75% of the 
solvent. The large pure white crystals 
were then dried at 60° C. in vacuo. The 
melting-point of the product was 132®- 
134^ G., which is not in good agreement 
with the figure of 138® G. reported by 
Pokorny. Earlier attempts to purify 
2,4-D of technical grade by repeated 
salt-acid cycles and crystallization al- 
ways resulted in a product having a 
melting-point of 132^-134° G. In spectro- 
photometric analyses the position of the 
maxima and the value of the extinction 
coefficients for purified technical 2,4-D 
and for that prepared by the above pro- 
cedure were the same, within the limits 
of experimental error. 

Photoelectric spectrophotometric 

ANALYSIS 

The absorption spectra of 2,4-D in 
aqueous and ether solutions were deter- 
mined with a Beckman Quartz Spectro- 
photometer, model DU, using a hydro- 
gen discharge tube as the light source 
and silica sample cells. Diethyl ether was 
chosen as one of the two solvents tested 
because 2,4-D can be quantitatively ex- 
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abscissa. Beer’s law is used in the form 

where k is the extinction coefiicient; c is 
the concentration in milligrams per milli- 
liter; X is the thickness of the solution 
layer in centimeters; Jo is the intensity 
of radiant energy transmitted by the 
solvent-filled cell; and is the intensity 



tracted from aqueous solutions of low 
pH by shaking with ether, thus provid- 
ing a simple means of concentration of 
soil extracts. 

Figure i presents absorption data for 
2,4-D in aqueous and ether solutions. 
The numerical value of the extinction co- 
efficient, k, is plotted on a logarithmic 
scale along the ordinate, and the wave- 
length, in angstrom, units, along the 


Fig. I.— Absorption spectra of 2,4-dichlorophenoxyacetic acid in water and ether solutions 
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of radiant energy transmitted by the 
solution-filled cell. 

Beer’s law was found to hold within 
5% limits over a concentration range of 
6-250 7/ ml. The values of k for the acid 
in water, as measured at 2835 A and at 
2300 A on a solution containing 25 7/ml., 
were found to be independent of reaction 
over the range of pH 2. 2-8.0; it is thus 
probable that Beer’s law will hold for 


TABLE 1 


Solvent 

Maxima 

(A) 

Spectral region 
isolated, band 
width' 

(A) 

Extinction 

coefficient 

Water. . . . 

/283s 

13 

90 


\2300 

12 

40.6 

Ether 

2845 

17 

9.0 


TABLE 2 


Wave-length 

(A) 

Cell length 
(cm.) 

Concentra- 

tion 

(T/ml.) 

Computed con- 
centration for 
maximum 
accuracy 
{7/ml.) 


f I.O 

20-300 

48.0 

283s 

5.0 

3-50 

9.6 


(lO.O 

2-30 

4.8 


I I.O 

S“ 7 o 

II . 0 

2300. 

S-o 

1-14 

2 . I 


[10. 0 

o.S- 7-0 

I. I 


much greater dilutions. The absorption 
data are summarized in table i. 

Data are given in table 2 for the con- 
centrations of 2,4-D which can be meas- 
ured at the regions of maximum absorp- 
tion with a minimum density of 0.2 and 
a maximum density of 2.8. 

The computation of the optimum 
density for spectrophotometric work is 
discussed by Loopbourow (2) following 
the method of Twyman and Lothian 
(6). It is advisable to use a combination 


of concentration and cell length such 
that the values of logio (/o//a;) fall within 
the range of 0.4-2.0 (7). If it is desired 
to work with solutions of very low densi- 
ties, a calibration curve should be con- 
structed. 

Discussion 

Though specific directions for meas- 
urement of 2,4-D in aqueous solutions con- 
taining other substances which absorb in 
the ultraviolet region cannot be given, 
owing to the wide variations in quantity 
and quality of the interfering substances, 
certain general recommendations may 
be made. In the case of extracts from 
clay, sand, and dilute aqueous extracts 
of peat, measurement of the concentra- 
tion of the acid may frequently be made 
directly on the aqueous solution, after 
clearing of suspended matter. A blank 
solution, extracted under identical condi- 
tions with respect to pH, salt concentra- 
tion, contact time, and temperature 
from a sample of the same medium not 
containing the acid, must be used. The 
reaction at which the solution density is 
determined can vary over the range of 
pH 2. 2-8.0, although in strongly acid 
or alkaline solution the extinction coef- 
ficient varies, owing presumably to hy- 
dration effects. 

If the concentration of substances 
which absorb in the ultraviolet region is 
too great to permit density determina- 
tions directly on the aqueous soil ex- 
tract, recourse may be had to the follow- 
ing procedure. An aliquot of the solution 
is acidified (pH 3-4) and is extracted 
three times with a volume of diethyl 
ether equal to the volume of the aliquot. 
The volume of the ether may then be re- 
duced, provided the volume of the ether 
extract of the blank is also reduced to the 
same point and made to the same vol- 
ume. 
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Summary precautions essential to quantitative re- 

I . A simple and accurate spectro- suits are discussed. 

photometric method for the determina- ^he author takes pleasure in ac- 
tion of 2,4-dichlorophenoxyacetic acid in tno^iedging the aid of Dr. Robert A. 
aqueous and ether solutions is described, whitmore, who first located the maxima 

2. The extinction coefficients for the in ether at approximately 2840 A and 
acid in water at 2835 A and at 2300 A, ^ho gave many helpful suggestions diir- 
and in ether at 2845 A? have been deter- ing the course of the work. 

mined. 

. . Department of Botany 

3. Certain chemical and instrumental University of Chicago 
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ON THE LIFE-HISTORY OF VANILLA PLANIFOLIA 

B. G. L. SWAMY 

Vanilla planifolia Andr., a native of stages. Only the endothecium persists in ; 

Central America, is grown in South the mature anther (fig. 5). 

India as a horticultural plant. Material Just before the meiotic divisions, the 
for the present study was obtained from polygonal microspore mother cells (fig. i) 

plants growing in a private garden, begin to round up. The two divisions 

Serial microtome sections were stained take place in rapid succession and are 

with Heidenhain’s iron-alum haema- followed by inwardly directed furrows 

toxylin following customary methods. which result in the formation of the 

microspore tetrads (fig. 2). Unlike the 
Investigation condition in several other orchids, the 

Microsporogenesis.— The wall of microspores round up, develop a thick 

the microsporangium shows an epi- wall, and lie free in the anther sac (fig, 3) , 

dermis (figs. 1-4), a fibrous endothecium The first division of the microspore 
(figs. 3™s), one, or sometimes two, middle cuts off a lens-shaped gperative cell 

layers, and one or two layers of tapetal (fig* 6a), whose exact position in relation i 

cells which are very prominent in early to the tetrad could not be determined, l 

if 
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owing to the very early separation of the Ovule.— Differentiation of the ovules 

microspores. After a time the generative from the placental ridges starts only 
cell, with its very small and densely after pollination. In artificially polli- 
staining nucleus, is seen to lie inside the nated flowers the archesporial cells be- 
plasma of the tube cell (figs, s, 6J). come evident in the ovary 15-20 days 

The pollen is usually shed at the two- after pollination. The placental ridges', 
celled stage, but in many anthers ob- which appear to be somewhat bilobed 
served the pollen grains had already in a transverse section of the ovary, 
germinated and put forth long pollen initiate divisions in the superficial cell 
tubes (fig. 5). It is always the generative layers and give rise to a number of papil- 


Figs. i~6. Fig, I, part of young microsporangium showing wall layers, tapetiim, and sporogenous 
tissue. X22S. Fig. 2, same at microspore tetrad stage. X225. Fig. 3, uninucleate microspores in anther 
loculus; note fibrous endothecium. X225. Fig. 4, two-celled pollen grains. X225. Fig. 5, germination of 
pollen grains within anther. X225. Fig. 6a, generative and tube cells in pollen grain soon after division of 
microspore. Xpoo- Fig. 65 , pollen grain at time of shedding. X900. Fig. be, germination of pollen grain. 
X 900. Fig. 6i, tip of pollen tube showing degenerating tube nucleus and two male nuclei. X900. 

cell which moves into the pollen tube lae, each of which is three to four cells 
first, whatever may be its position in the thick (figs. 7, 8). This is an important 
pollen grain (figs. 5, 6c). During later deviation from the great majority of 
stages, also, the degenerating tube orchids in which similar papillate out- 
nucleus can be seen behind the two growths from the placenta occur at a cor- 
sperm^ nuclei in the pollen tube (fig. 6 d). responding stage but consist only of a 
Germination of pollen grains in situ, a unicellular filamentous row of five to six 
curious feature in this plant, is connected nucellar cells capped by the epidermis. It 
with a tendency toward self-pollination, is also worth noting that in Vanilla the 
a subject which has been dealt with in number of nucellar cells undergoes a 
detail elsewhere (4). further increase in the region below the 
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archesporial cell, including the area at 
the base of the two integuments (figs. 

9-13)- 

The inner integument differentiates 
more or less simultaneously with the 
archesporium (fig, 8) and is two- to 
three-layered (figs. 10, ii). The outer 
integument, which appears when the 
megaspore mother cell is undergoing re- 
duction divisions, is also made up of 
three to four layers of cells and may be 
even five- to six-layered at the base (figs. 

35, 38). This is interesting, for in 
other orchids it consists of only one 
layer, or rarely two layers, of cells. In 
later stages the outer integument com- 
pletely envelops the inner but is sepa- 
rated from the latter by a broad air space 
(figs- 35. 38)- 

Megasporogenesis and fertiliza- 
tion. — The archesporial cell enlarges in 
size and functions directly as the mega- 
spore mother cell (figs. 8, 9). The first 
meiotic division takes place in the usu- 
al manner. The micropylar dyad cell 
is always smaller and more darkly stain- 
ing than the chalazal one (fig, 10) and 
only rarely undergoes further division. 
The chalazal dyad cell completes the 
second meiotic division but here also the 
micropylar daughter cell is smaller and 
more darkly staining than the other. Thus 
there originates a row of three cells, con- 
sisting of a uni- or binucleate dyad cell 
and two megaspores (fig. n). Only the 
chalazal megaspore develops further. By 
the time of the meiotic divisions the nu- 
cellar epidermis has degenerated so that 
the developing embryo sac is in immedi- 
ate contact with the inner integument 
(figs. 10, II, 12). 

The two-nucleate embryo sac (fig. 12) 
gives rise to the four-nucleate one. At 
first all four nuclei are of approximately 
the same size and appearance (fig. 13). 
T he antipodal nuclei do not divide again, 
however (fig. 14 is an exceptional case), 


but stain deeply and persist as such up to 
the time of fertilization or slightly later 
(figs. 15, 17, 21). At the micropylar end 
the two synergids are formed by the divi- 
sion of one nucleus, and the egg and the 
upper polar nucleus by the division of 
the other nucleus (fig, 14). Thus the ma- 
ture embryo sac (fig. 15) is six-nucleate, 
the upper polar nucleus alone taking part 
in the formation of the primary endo- 
sperm nucleus. 

The pollen tube penetrates through 
the micropyle to enter the embryo sac. 
During this process one of the synergids 
is disorganized. One sperm nucleus fuses 
with that of the egg and the other with 
the upper polar nucleus, which lies close 
by (fig. 16). 

Endosperm. — The post-fertilization 
development presents some interesting 
features. Figure 16 shows a fertilized 
embryo sac. The primary endosperm 
nucleus, which is diploid, moves to the 
center of the embryo sac (fig. 17) and 
divides (fig. 18) to form two nuclei of 
which the micropylar moves toward the 
egg and may divide to form two to four 
nuclei; the chalazal one gives rise to a 
larger number, usually seven or eight 
(figs. 19-23) .f Figure 23 represents a 
''plate'' of eight free endosperm nuclei in 
an embryo sac which is cut transversely. 
The highest number of endosperm nuclei 
previously recorded in the family is four 
III Cypripedium {2) , 

Normally the primary endosperm nu- 
cleus in Vanilla divides to form eight 
to ten free endosperm nuclei before the 
division of the zygote. In a few cases 
endosperm formation was arrested after 
the first or second division; figure 21 rep- 
resents an instance in which even the 

^ All these figures are camera lucida drawings of 
single sections; only such endosperm nuclei as 
were visible in the particular section have been 
represented in a figure. However, about ten endo- 
sperm nuclei could be counted by examining the 
adjacent serial sections of these embryo sacs. 


1947] ■ ;SWAMY— LIFE-mSTORY OF VANILLA ' 453 

fusion of the two nuclei (upper polar zygote is transverse (%. 21) and usually 
nucleus and second sperm nucleus) is not occurs after four or five endosperm 
complete, although the embryo has al- nuclei are formed. By a further division 
ready attained the two-celled stage. of the micropylar cell (fig. 25) a pro- 
As in other orchids, the endosperm is embryo of three cells is organized (fig. 
soon used up by the growing embryo. 26), as in the majority of orchids. The 


Embryo. — The first division of the first two walls in the terminal cell are 



Figs. 16-24.— -Fig. 16, double fertilization. X600. Fig. 17, zygote, primary endosperm nucleus, and two 
antipodal nuclei. X4S0. Fig. 18, first division of primary endosperm nucleus. X 4 SO- Fig- division of 
zygote; endosperm nuclei. X450. Fig. 20, zygote and four endosperm nuclei, X 45 ‘^- Fig. 24, two-celled 
proembryo and delayed fusion of second male nucleus with upper polar nucleus. X 4 S®- Fig. 22, young 
embryo. X450. Fig. 23, “plate” of eight endosperm nuclei (drawn from embryo sac cut transversely). 
X600. Fig. 24, two proembryos lying side by side in embryo sac. X 45 o* 
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vertical and at right angles to each other, 
resulting in a group of four cells (fig. 27), 
each of which divides transversely (figs. 
28, 30). Subsequent divimons are very 
irregular, resulting in an ovoid mass of 
cells (fig. 31). In embryos of mature seeds 



Figs. 25-34.— Fig. 25, basal cell of two-celled 
embryo in division. X340. Fig. 26, three-celled 
proembryo. X 340. Figs. 27-31, subsequent stages 
in development of embryo. X 385. Fig. 32, mature 
seed; note opaque and smooth surface. X105. 
Fig. 33 , transverse section of fruit, showing pla- 
centae and development of unicellular secretory 
hairs from innermost layer of ovary. X 70, Fig. 34, 
secretory hairs enlarged. X 170. • ’ 

there is always a well-marked depression 
at the chalazal end (figs. 39, 40). 

One ovule showed two embryos in the 
same embryo sac (fig. 24). Although the 


exact mode of origin of the additional 
embryo could not be determined, their 
position suggests that the three-celled 
embryo is the gametic one and that the 
two-celled embryo is derived from a 
synergid. 

Fruit and seed.— The fruit of V. 
planifolia is often described as a “bean” 
on account of its characteristic shape. It 
seems to be the only orchid possessing a 
fleshy fruit. Rendle (3) has described it 
as dehiscing by two irregular longi- 
tudinal splits. Under cultivation, how- 
ever, the pod does not show any split or 
rupture even when it is left on the plant 
for a long time and falls to the ground of 
its own accord. 

After fertilization, the cells of the 
innermost layer of the ovary wall grow 
out into the cavity in the form of unicel- 
lular hairs which are packed with nutri- 
tive and other materials (figs. 33, 34) and 
are said to secrete the vanillin. They de- 
velop from the entire inner surface of the 
ovary wall, excepting the placentae. 

In the majority of the orchids, because 
of the partial or complete disorganization 
of the cells of the inner integument, the 
embryo is suspended freely inside the 
seed coat, which is formed only from the 
outermost layer of the outer integument. 
In y . planifolia, however, the situation is 
different. Here persist not only the inner 
integument but also some of the original 
tissue of the nucellus lying at the chalazal 
end. These cells, which are small and 
very compactly arranged, stand out in 
sharp contrast to the large cells of the 
outer integument (figs. 35-40). 

The epidermis of the seed coat (i.e., 
the outermost layer of the outer integu- 
ment) undergoes important changes dur- 
ing the development of the embryo. The 
outer and lateral walls of these cells 
thicken enormously (figs. 37-38) until 
the cell cavity may be completely ob- 



Figs. 35“4i. Figs. 35, 36, median longitudinal sections of young ovule (at about time of fertilization.) in 
two planes at right angles to each other. X42. Figs. 37, 3 Sa, same as above but at later stage with young 
embryo and endosperm. X42. Fig. 386, three cells of outermost layer of outer integument enlarged to 
show gradual obliteration of cell lumen. X270, Figs. 39, 40, sections of mature seeds in two longitudinal 
planes at right angles to each other. Note persistence of all cell layers of outer integument, crushed inner 
integument, cup-shaped depression at chalazal end of embryo, and sclerotic and opaque layer of seed coat. 
X42. Fig. 41, transverse section of mature seed. X42> 
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literated. Finally, a brownish-black de- 
posit appears in the cells and intensifies 
to such an extent that the entire layer 
becomes opaque (figs. 39“4i). It is 
smooth and highly sclerotic, without any 
recognizable reticulations or pattern (fig. 
32), and thus offers a complete contrast 
to the condition in other orchids, which 
have a reticulate and transparent seed 
coat. The only cases similar to Vanilla 
are Apostasia, Adactylus, axid Selenipe- 
dium{i). 

Summary 

1. In the orchid Vanilla planifolia the 
microspores do not remain united to 
form compound grains; massulae, or 
pollinia, but lie free inside the anther. 
The pollen grains are shed at the two- 
celled stage. 

2. The nucellus shows a greater de- 
velopment than in most other orchids, 
and the nucellar cells at the chalazal end 
persist even in the mature seed. 

3. The outer integument consists of 
four to six layers of cells which persist 
in the seed. In other orchids only the 
outermost layer. is recognizable in the 
seed. 

4. The inner integument is also two- 
to threedayered and, although flattened 
and crushed, remains distinguishable for 
a long time. 

5. The embryo sac arises from the 
chalazal cell of a row of three cells, con- 
sisting of a mi cropylar undivided dyad 


cell and two megaspores. After the four- 
nucleate stage, the two chalazal nuclei 
do not divide further, resulting in a six- 
nucleate embryo sac. 

6. Double fertilization takes place 
normally, but, since there is no lower 
polar nucleus, the primary endosperm 
nucleus is diploid and not triploid. 

7. As many as eight to twelve endo- 
sperm nuclei were counted in certain 
ovules, which is noteworthy in view of 
the fact that ordinarily endosperm for- 
mation is completely suppressed in the 
orchids. 

8. One case of twin embryos was 
noted. One of them was gametic in origin 
and the other probably arose from a 
synergid. The embryo of the mature seed 
shows a terminal depression. 

9. Both integuments take part in the 
formation of the seed coat. The outer- 
most layer of the outer integument be- 
comes highly sclerotic with black de- 
posits and is opaque and smooth. This is 
in marked contrast to the condition in 
most other orchids, where there is a 
transparent seed coat with a reticulate 
surface formed only by the outermost 
layer of the outer integument. 

I am indebted to Dr. P. Maheshwari 
for revising the manuscript. 

Biological Laboratories 

Harvard University 
Cambridge, Massachusetts 
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Luther Burlanh: A Victim of Hero Worship. By 

WalterL.Howakd. B 9 [5/6] : 

299-522. 1945-1946.) Waltham, Mass.: Chronica 

Botanica Go., 1946. $3.75. 

The flow of comments and writings concerning 
Luther Burbank and his work has notably slack- 
ened during the last decade. With the lapse of time 
since his death in 1926, what is said about him and 
his work has become more objective and less preju- 
diced either for or against him or his efforts. The re- 
cent volume by Dr. W. L. Howard states its pur- 
pose in a portion of its prologue: “With none too 
gentle hands I have endeavored to tear away these 
hindering habiliments to see what the real Burbank 
looked like. And behold, a pristine figure emerges 
that is every inch a man of worth, a man of original 
ideas; a man with a definite mission in life, fully 
capable of standing on his own feet as a lone worker 
in the field of science.’* The author states further 
that he is “convinced that Burbank possessed the 
talent and attributes of a conventional scientist and 
[that] there would have been no question about his 
acceptance had he been taken in hand when young 
and given the proper training demanded by the 
code. . , . , For [his] concrete accomplishments and 
because he was the ferment that stirred others to ad- 
vance the science of breeding, an intangible achieve- 
ment, to be sure, but his greatest from the view- 
point of science, he is definitely entitled to a place 
in the hall of fame; but, all factors duly considered, 
the best that I can do is to assign him a front seat 
among the minor prophets, a front seat because of 
the unusual fact that here is one prophet, at least, 
who was not without honor among his home people.” 

Dr. Howard has based his book on his personal 
contact with Burbank, conversations with many in- 
dividuals who knew him intimately, Burbank’s own 
writings, and a firsthand opportunity to observe and 
evaluate many of Burbank’s horticultural creations. 
Although many of the latter have proved to have 
very little permanent value, a number of others, in- 
cluding the Burbank potato and several varieties of 
plums, have proved of great commercial importance. 

When one reads of the vigor and persistence with 
which Burbank was accustomed to work and of the 
myriad interruptions of his time and efforts by the 
interested or by the merely curious, he marvels not 
at his occasional manifestation of irritability but at 
his infinite patience, tolerance, and kindliness. For 
him to have completely resisted the adulations show- 
ered upon him, or to have withstood the flattery 
from others for their own personal gain, would have 
marked Burbank as superhuman. That he quite 
obviously was not. 


Dr. Howard’s book is deserving of reading and 
study as an objective evaluation of Burbank and 
his work. It is of equal interest in its disclosure of 
the author’s own mind and opinions. Coming as his 
remarks do, from one who has had many years of ex- 
perience with men and problems in the applied and 
scientific phases of horticulture and agriculture, one 
who has had broad administrative contacts in deal- 
ing with the acts and minds of men, his comments 
have much more than passing interest. Much of 
what he has said about Burbank and about science 
and its workers has needed saying for some time. 
Those fortunate enough to have an opportunity to 
read this book, especially younger scientists, will 
wish to keep it near at hand so that they may re- 
read it often for its stimulating pleasure, for its clar- 
ity, and for the pointedness of its comments. — E. J. 
Kraus. 


Garden Lilies. By Alan and Esther M.^cneil. New 

York: Oxford University Press, 1946. Pp, xiv-L 

226. $3.50. 

This is a rather small handbook which has been 
written by experienced growers and lovers of lilies 
for the gardener who wants to grow these plants suc- 
cessfully. The book is arranged in two parts. 

Part I considers such topics as the selection of 
suitable varieties, sites for planting them in order to 
bring out the best effects from size of plant and type 
and color of flower. Practical information on plant- 
ing, on culture and fertilization, and on propagation 
follow. Next is a chapter dealing with lilies for pots 
and exhibition, with suggestions regarding size of 
pot and bulb, soil, moisture, and temperature re- 
quirements, and a list of varieties adapted for pot 
culture with brief recommendations for preparing 
lilies for exhibition. Natural hazards and pests are 
listed, with suggestions for their control or ameliora- 
tion. A discussion of lily diseases and their control 
forms a valuable and concise practical summary of 
the. present knowledge in this area. This part is con- 
cluded with an interesting and informative discus- 
sion of lilies through the ages. 

Part II is devoted largely to a descriptive list of 
lilies. Although the descriptions are designed not for 
the botanist but for the gardener, they are neverthe- 
less accurate, concise, and generally adequate. The 
list comprises nearly half the book and is a valuable 
feature, since it furnishes much worth-while informa- 
tion for all who may be interested in this lovely 
garden plant, A selected list of references precedes 
the index.— J. M, Beal. 
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Forest Soils and Forest Growth. By S. A. Wiii>E. 

Waltham, Mass.: Chronica Botanica Co.; New 

York City: G. E. Stechert & Co., 1946. Pp. 241. 

Ulus. %. 00. 

The appearance of this book fulfils an urgent 
need among ecologists and foresters, especially those 
engaged in land management, reforestation, nursery 
practice, and soil conservation. 

A historical and introductory chapter is followed 
by three chapters on genesis of soils and by one on 
the biological structure of the forest cover and its 
relation to environment. There are separate chapters 
on physical and chemical properties of forest soils, 
their organisms, forest humus, soil-forest types, 
forest soil survey, and soils and tree-planting. Prac- 
tical applications of knowledge of forest soils are 
brought out in chapters on amelioration of forest 
soils, silvicultural cuttings in relation to soils, and 
productivity of forest soil and forest management. 
The final five chapters deal with various problems in 
establishment and management of forest nurseries, 
with special emphasis on various aspects of fertiliza- 
tion, watering, and control of parasitic organisms. 
Here Wilde contributes a very large part from his 
own exhaustive researches conducted over a period 
of several decades. The book is well illustrated wdth 
thirty-eight figures (maps, charts, and graphs) and 
seven plates, besides a number of clearly done 
sketches that lend interest and a decorative motif. 

The author has rather completely reviewed the 
literature. His firsthand knowledge of Russian and 
German, besides a half-dozen other languages, makes 
this an unusually valuable contribution. 

By training. Dr. Wilde is a forester as well as a 
pedologist. This rare combination gives the book a 
balanced view of the interdependence of silviculture, 
ecology, and soil science that is largely lacking in 
existing textbooks which deal with the topic either 
of silviculture or of soils but fail to integrate the 
two subjects properly. This valuable book is thus a 
“must” for every ecologist and forester. It is one 
of the most useful of references.— -J. H. Stoeckeler. 


Crop Production and Emironnient, By R. 0 . Whyte. 

London: Faber & Faber, Ltd., 1946. Pp. 372. 

Illustrated. 1 2s. 

Under this general title one might reasonably 
expect a discussion of any aspect of applied plant 
science, but, obviously, one book could not cover all 
aspects of crop production and environment. On the 
basis that the physiological processes leading to 
growth and reproductive development are funda- 
mental to crop production, Whyte deals with the 
literature related to the initiation and development 


of flowers in plants as influenced by the decisive 
environmental factors, light and temperature. 

The book is not simply a review but is a very 
reasonable attempt to evaluate and to correlate the 
literature in the fields of photoperiodism, vernaliza- 
tion, and phasic development. The author has 
selected certain critical investigations for detailed 
consideration and has included many excellent 
illustrations taken from the original papers. An ex- 
tensive review of the factual data is presented, and 
considerable space is devoted to the various hy- 
potheses which have been developed in relation to 
some of the facts. This latter inclusion is fortunate, 
since the obvious inadequacy of any one of the hy- 
potheses in relation to all the available facts demon- 
strates the need for more critical experimentation. 
The similarity among some of the more recent gen- 
eralizations encourages one to hope that soon addi- 
tional generalizations will serve to correlate the 
flowering responses of most or even of all plants 
with changing environmental conditions. 

Whyte uses the terms “growth” and “develop- 
ment” in a restricted sense and defines them as fol- 
lows: “Growth is the accumulation of dry matter or 
increase in size of a plant, development of progress 
towards reproduction by externally recognizable or 
invisible stages.” The book is primarily concerned 
with the problems of development. 

The Introduction gives an outline of the scope of 
the book, and the first chapter includes a historical 
review of the development of the studies on photo- 
periodism and vernalization, with some detail of the 
early work of Klebs, Gassner, and Garner and 
Allard. There follows a chapter on the concept of 
phasic development, giving a concise statement of 
Lysenko’s work and hypothesis, together with the 
modifications introduced by subsequent workers. In 
the remaining chapters the influences of darkness, 
light, and temperature are discussed in relation to 
photoperiodism and phasic development. Extensive 
reference is made to the Russian literature. Most of 
the hypotheses which have been developed in con- 
nection with this work receive considerable atten- 
tion. One brief chapter is devoted to the problem of 
breeding plants in relation to phasic analysis — a wel- 
come presentation of a controversial subject. The 
last four chapters discuss the responses of economic 
crops and possible practical application of our 
knowledge of developmental phj^siology. 

This book should prove to be valuable to those 
interested in the physiological processes leading to 
flowering in plants, and it should be especially in- 
valuable to the research worker. Perhaps its greatest 
contribution will be in its stimulation of new re- 
search, since it summarizes the present status of our 
information in this field and points the way for new 
investigations to fill in the gaps in our knowledge.— 
K. C. Hamner. 
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ANATOMY OF WASHINGTON NAVEL ORANGE 
RIND IN RELATION TO Wx^TER SPOT 


ELOSA MURRAY SCOTT AND KATHARINE G. BAKER 


Introduction 

In southern California the damage 
caused by water spot to the crop of 
Washington navel oranges is a cause of 
increasing concern to the citrus industiy 
(10, II, 13, 20, 22, 24, 41). 

The first visible symptom of injury is 
a local swelling and waterlogging of the 
rind in the maturing fruit. The air nor- 
mally present in the respiratory chamber 
beneath the guard cells, and also in the 
intercellular spaces, is replaced by fluid, 
and, as a result, the surface of the rind 
becomes raised and more or less translu- 
cent. The injury occurs during cold rainy 
periods in winter, and the progress of the 
disease appears to depend on weather 
conditions. If a dry spell follows a rain, 
the rind swellings may recede within a 
: few days and the fruit remain normal. If, 

however, the damage has gone too far, 
i the affected areas become sunken, dried 

out, and brown in color, marking the 
fruits as culls from the grower’s stand- 
point. If the rain continues, the initial 
swelling may spread, and, in a matter of 
hours or days, the epidermis may crack 
in all directions. Again the weather de- 
termines the fate of the fruit. Should the 
rain cease, the cracked epidermis will 
heal by normal cicatrization. The rind 
at maturity will be scarred and shriveled, 
but the fruit will be otherwise undam- 
aged. On the other hand, if wet weather 
persists, the ubiquitous spores of molds 
such as Penicillium and dados porium 
I may enter the cracks, .germinate, and 

spread through and rot the entire fruit 


The localized swelling of the rind tis- 
sue in water spot may be classified ana- 
tomically as intumescence (26). The be- 
havior of the tissue in Citrus^ however, 
differs markedly from that in the in- 
tumescences induced in poplar by stimuli 
as diverse as stagnant moist air and hor- 
mone treatment. In poplar the hyper- 
trophy of certain individual cells is ex- 
aggerated, whereas in the flavedo cells of 
Citrus the expansion of individual cells is 
barely noticeable microscopically. 

Among the numerous publications on 
Citrus, comparatively few are concerned 
with the detailed structure of the rind 
(2> 15) 39) 42). The fruit of Citrus, the 
characteristic hesperidium, • consists of 
carpels, morphologically leaves. The 
structure of the typical leaf, with its 
epidermal, photosynthetic, and conduct- 
ing tissues, is paralleled in the outer epi- 
dermis, the flavedo and albedo, and in 
the vascular network of the fruit. The 
endocarp or pulp, consisting of juice 
sacs, is peculiar to the fruit. Oil glands 
are numerous near the surface in the 
fruit as in the leaf. 

At the present time plant pathologists 
and physiologists are engaged in the in- 
vestigation of the causes and possible 
methods of control of water-spot in- 
jury (6), The present paper deals with 
the anatomy of the rind of the ripening 
fruit and forms a part of the background 
necessary for the interpretation of cur- 
rent experimental work. 

Material and methods 

MateriaTwas collected from the uni- 
versity experimental orchards in Los 
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Angeles and Riverside and also from the 
Foothill Ranch, Azusa/ The bulk of the 
fruit had been oil-sprayed at various 
times of the year in accordance with 
usual orchard practice. In all groves, 
however, a number of trees were left 
unsprayed, so that untreated fruit was 
I available for comparison. In addition, in 

t order to determine the effects, if any, of 

f oil treatment on the anatomy of the rind, 

1 growing and picked fruits were dipped in 

; concentrated spray oil. 

Fruits in all stages of growth were sec- 
i tioned transversely, radially, and tan- 

gentially. They were examined imme- 
diately, and after treatment with the 
standard microchemical reagents for 
ergastic substances and wall materials 
(40). Hesperidin, which crystallizes im- 
; mediately on dehydration, is present in 

fruits of all ages and is particularly 
I abundant in the younger. 

I Plasmodesmatal connections are ap- 

f parent on application of IKI followed by 

I' H2SO4 (5%, or stronger if irrigation is 

used) . The results of this method are con- 
firmed by the standard technique of 
I Crafts (7). 

^ Wax and cutin are distinguished clear- 

i ly under the polarizing microscope and 

; also in sections stained with Sudan III or 

Biebrich Scarlet. In addition to the latter 
reagents, H2SO4 (± 75%) is useful in the 
study of the cutinization of the respira- 
tory chamber and of the tissues involved 
I in frost injury and wound healing. The 

radial canals of the outer walls of the 
epidermal cells appear most clearly after 
L irrigation with IKI with or without the 

I addition of H2SO4 (+5%). 

i, The writers are indebted to Mr. Paul Moore 

; for his assistance in experimental treatment of fruit 

in the field. 


In the observation of the vacuoles of 
living protoplasts, neutral red and meth- 
ylene blue are effective (18). The lat- 
ter, because of the more marked color 
contrast, proved Ahe more useful, but 
both stains give the same qualitative 
results. 

In the study of albedo development 
thick sections are essential in deter- 
mining the main structural pattern of 
cells and intercellular spaces. Macerated 
material is necessary in the observation 
of individual cells. 

Observations 

The peel or pericarp, consisting of 
epicarp, hypodermis, and mesocarp (42), 
includes the following tissues: epidermis, 
hypodermis, flavedo, oil glands, vascular 
bundles, albedo, and inner epidermis 
(fig. i). A typical Washington navel 
pericarp is 8 mm. in thickness; variations 
from this occur in the albedo tissue. 

Epidermis 

In the epidermis four types of cells 
may be distinguished: epidermal, guard 
cells, accessory cells, and oil-gland cover 
cells (figs. 2-12). Epidermal cells are 
polygonal in outline and roughly iso- 
diametric. The outer wall, consisting of 
cellulose and pectic substances, hori- 
zontally stratified, is cutinized and fur- 
ther protected by a layer of wax (figs. 
13-15). Within the living cells may be 
identified cytoplasm, nucleus, one or 
more vacuoles, and plastids. The plas- 
tids are approximately equal in size to 
those of the flavedo, but they are rela- 
tively few in number (fig. 50). 

Ceil division may occur in any region 
of the epidermis, in the equatorial, stem, 


Fig. I.— Transection of rind of mature fruit 8 mm. from outer to inner epidermis; approximately 4 mm. 
of mid-albedo has been omitted: G, guard cell; RC, respiratory chamber; H, hypodermis; FL, flavedo; A, 
arm of albedo cell; IS, intercellular space; AL, albedo; C, calcium oxalate crystal; IE, inner epidermis; 
Cr, cutin; OG, oil gland. 






Figs. 2 12. Figs. 2, 3, epidermis, maturing fruit, surface view; cell division, binucleate cells and recently 
formed thin walls: iV, nucleus; 2N , binucleate cell; W, new wall; P, plastid; V, vacuole. Fig 4 epidermis 
maturing fruit, surface view; cell division in oil-gland cover cells: OGCC, oil-gland cover cells Figs 3-7’ 
epidermis, young fruit, surface view; differentiation of guard cells from mother cell : G, guard cell; JF, mother 
cell; 5 , stoma. Figs. 8-12, differentiation of accessory cells: A, accessory cells; IF, new wall OveAang of 
young accessory cells (fig. 9) is common. 




Figs. 13-27. — Figs. 13-15, epidermis, maturing fruit, transections and surface view: iFX, wax scale; 
fFZC, wax canal; WXR, wax rodlet; STR, stratification. Figs. 16-18, diagrams, differentiation of eight- 
armed cells in mid-albedo; a typical cell, X, surrounded by eight adjacent cells, arms y and S at right angles 
to plane of paper: PD, plasmodesmata; IS, intercellular space. Fig. 19, mid-albedo of young fruit, transec- 
tion, camera lucida (compare with fig. 16). Fig. 20, mid-albedo, macerated cell (compare with fig. 18). 
Figs. 21-23, outer albedo, macerated cells (compare with figs. 28, 29). Figs. 24-26, mid-albedo, macerated 
cells (compare with figs. 18, 27, 33). Fig. 27, mid-albedo, transection, camera lucida. 


I 
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or navel zones of the maturing fruit. In 
fruits considered picking-ripe, binucleate 
cells lie adjacent to others both older and 
younger. In the latter the newly formed 
cell walls may still be barely visible (figs. 
2-4) . The areas of active cell division are 
sporadic, patches, streaks, or disconnect- 
ed networks. They may radiate in any 
direction from the periphery of large or 
small oil glands, or may wander between 
the complex of stomata in the inter- 
glandular areas. Since stretching growth 
necessarily occurs before and after cell 
division, the comparatively weak exter- 
nal walls of these meristematic cells 
represent areas of potential cracking. 

Guard cells. — The paired guard cells 
of the stomatal apparatus arise from a 
mother cell, which at first, in surface 
view, is distinguished from the sur- 
rounding cells only by wall thickening, 
density of cell content, and accumulation 
of oil (figs. 5-12). This parent cell is 
four- to six-sided and is surrounded by 
the same number of cells of approxi- 
mately equal size. When cell division oc- 
curs, the position of the stoma is soon de- 
fined by localized thickenings along the 
central one-third of the median walls. As 
the guard cells expand, the stoma widens 
and becomes elliptical in outline and 
clearly defined by the cutinized rim 
(figs. 5-9) . In radial section the young 
guard cells are seen to possess the normal 
covering of cutin on the outer epidermal 
surface and on the wall of the stomatal 
pore (fig. 36). In older stomata cutiniza- 
tion may extend across the inner tangen- 
tial wall and thence over the surfaces of 
the cells which line the respiratory cham- 
ber (figs. 37-40). By treatment with 
H2SO4, the surface cuticle and the cutin- 
ized saclike lining of the respiratory 
chamber may be isolated. The thickness 
of the latter (±2/4) is less than that of 
the cuticle of the outer surface (+3 /x). 


Accessory cells.— As the guard cells 
differentiate and mature, the adjacent 
cells divide by radial and tangential 
walls (figs. 5-12). The divisions may be 
somewhat erratic, but in a typical stom- 
atal area the guard cells are surrounded 
by from three to four rows of narrow ac- 
cessory cells. These may extend along 
six-eighths or seven-eighths of the outer 
rim of the guard cells while the remain- 
ing arc or arcs are occupied by undivided 
polygonal elements. 

In fruits of all ages the surface of the 
subsidiary cells is comparatively weakly 
cutinized (figs. 36-39). This may be ob- 
served in radial section but is strikingly 
demonstrated when tangential sections 
of the epidermis are treated with H2SO4 
(±80%) (figs. 48, 49). On penetration of 
the reagent the thinly cutinized walls of 
the accessory cells immediately swell and 
thereafter completely disappear, while 
the heavy cuticle of the isolated guard 
cells and the rest of the epidermis re- 
mains intact. 

Oil-gland cover cells.— The area of 
the oil-gland cover cells is proportional to 
the diameter of the underlying gland 
(figs. I, 4). In the mature fruit the cells 
are somewhat flattened and in surface 
view polygonal. They may be smaller or 
larger than the adjacent epidermal cells, 
since cell diameter varies with the age of 
the gland. Oil droplets are generally pres- 
ent in the cells, the protoplast of which is 
further distinguished in tangential sec- 
tion by its comparative translucence. 

Number and distribution oe sto- 
mata and OIL GLANDS.— In a recent pa- 
per the number and distribution of oil 
glands and of stomata in the mature 
fruit have been statistically treated (41). 

The repetitive unit in the complex 
pattern of the rind is the individual oil 
gland with its orbit of satellite stomata. 
In a fruit 0.5 cm. in diameter, a typical 



Figs. 28"33.— Figs. 28, 29, diagrams, outer albedo, transection and radial section; differentiation of 
branched cells (compare with figs. 16--18, 32): GS, gland-sheath cell. Fig. 30, mid-albedo, young fruit, 
transection; plasmodesmata: ML, middle lamella. Fig. 31, hypodermis, maturing fruit, surface view: 

; C, calcium oxalate crystal; CL, collenchymatous thickening. Fig. 32, outer albedo, developing fruit, transec- 

tion, camera lucida; early formation of arms and intercellular spaces. Fig. 33, mid-albedo, mature fruit, 
transection; intercellular spaces, arm and wall plasmodesmata: P, papilla. 

I ' ■ "■ ■' ' ' 
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gland is surrounded by a single orbit in 
which the stomata, five to eight in num- 
ber, are approximately equidistant from 
the gland and from each other. As the 
gland and, concurrently, the interglan- 
dular ridge increase in volume, a second 
orbit of stomata differentiates. Mean- 
time during the expansion of the fruit, 
additional oil glands are initiated, each 
with its potential complement of sto- 
mata. Sooner or later, therefore, adjacent 
orbits intersect, and, as a result, in any 
interglandular area of the epidermis. 



That cell size increases with age in 
epidermal and other tissues is shown in 
table I. 

Wax. — The slight but definite dulness 
of surface due to the coating of wax is 
more readily observed on unsprayed than 
on sprayed fruit. At the time when the 
groves are normally sprayed, the fruits 
are approximately two-thirds grown. 
Oil-spraying does not inhibit the subse- 
quent secretion of wax on the still ex- 
panding fruit. 

The wax coating consists of a layer of 



Figs. 34-35— Fig- 34> mid-albedo, mature fruit, individual cells: W, curving walls. Fig. 35, outer albedo, 
developing fruit, transection; early arm and intercellular space formation. 


stomata of different ages and in varying 
degrees of development can be identi- 
fied. The differentiation of stomata is 
most active in the youngest fruits. It is 
estimated that, in fruits i cm. in diam- 
eter, half of the total number of stomata 
present in the mature fruit are already 
in process of development. In fruits ± 2.5 
cm. in diameter, which are approximate- 
ly one-third grown, differentiation still 
continues, and young stages of stomatal 
development are still of common occur- 
rence. In mature fruits, on the other 
hand, while cell division persists as al- 
ready mentioned, all stomata are prac- 
tically mature. 


fiattish scales roughly equal in area to the 
varying surfaces of the epidermal cells 
of all types, including the specialized 
guard, accessory, and oil-gland cover 
cells (figs. 13-15). On closer examination 
each wax platelet is seen to consist of 
minute vertical rodlets less than T m in 
diameter and 2-4 ju in length (8, 9, 29). 
In radial section very fine canals are evi- 
dent in the outer walls of the epidermal 
cells, the openings of which, when seen 
in surface view, appear as minute pits. 
The wax which is synthesized within the 
epidermal protoplasts, after exudation 
through the channels, solidifies to form 
the closely packed and coherent surface 
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rodlets. The radial canals may also allow 
of the intermittent transport of the 
cutinogenic fatty acids, the deposition 
of which accounts for the increasing 
thickness of the cuticle. 

The thickness of the wax coating in 
the maturing fruit varies somewhat as 
might be expected. Buckling and over- 
lapping of scales is doubtless due to the 
persistence of cell division and conse- 
quent expansion of the epidermis. A 


pattern of growth in the epidermis as a 
whole. 

Hypodermis 

Beneath the epidermis lies the hypo- 
dermis, a somewhat ill-defined layer 
varying from one to three cells in thick- 
ness. It consists of polygonal or ellip- 
soidal cells with characteristic, collen- 
chymatous wall thickenings. Intercellu- 
lar spaces, although small, are present 


TABLE 1 


Size of typical cells of Washington navel orange fruit at different 
STAGES of growth AND WALL THICKNESS IN MATURE FRUIT 


Typical cell of: 

Size of typical cells (ju) 

Thickness of 
walls (m) 

Fruit 2 cm. 
diameter 

Fruit 3 cm. 
diameter 

Fruit 4 cm. 
diameter 

Mature fruit 

8 cm. diameter 

Mature fruit 

8 cm. diameter 

Cuticle 

I 

6X10 

8X10 

15X19 

25X30 

27X34 

15X55 

I 

7X10 

12X12 

21X24 

27X38 

33X60 

15X75 

1*5 

gX 10 
13X 15 
23 X 24 
30X ’64 
30X150 
15X 75 

3 

iiX IS 

18X 23 

40 X 50 

56 X 63 

34X200 

15X 2o-*i5Xroo 
loX 10 

15X 25 

86X182 

50X 100 

28X100 

8X300 


Epidermis 

Hypodermis 

Flavedo 

Outer albedo 

Inner albedo 

Inner epidermis 

Epidermis over oil gland 

0.7s 

1 1.50 

1.50 

1 .00 

1 .00 

0.75 

0.75-1.50 

I . 00 

X -50 

2 . 00-8 . 00 

Flavedo over oil gland 




First layer of oil gland, median sec- 
tion 

Second layer of oil gland 

Third layer of oil gland 

Spiral 

42X75 

10X60 

12X67 

45X75 

25X65 

12X67 

45 X 75 
30X 75 
25X 75 







curious heaping-up of wax platelets is 
commonly seen in fruits stained over- 
night in methylene blue. On such fruits 
there may appear dark-blue, somewhat 
irregular longitudinal bands, ±3 mm. 
in width, which may run the entire 
length of the fruit from stem to navel. 
Along such streaks the wax scales may 
be piled up erratically, two or more deep, 
and methylene blue heavily absorbed by 
them. The streaks are readily erased by 
light rubbing. The distribution of the 
bands bears no obvious relation to seg- 
ment orientation, or to rind venation, 
and must therefore result from a basic 


throughout this tissue in the mature 
fruit (figs. I, 13). 

Crystal idioblasts are extremely abun- 
dant, ranging in number from 350 to 
900/sq. mm. (fig. 31). As in the leaf, 
they encircle, at a distance, both stom- 
atal chambers and oil glands. The 
earliest stages of development in the 
youngest fruits are difficult to observe in 
fresh material owing to the abundance of 
hesperidin. 

Flavedo 

The flavedo is the zone of plastids, oil 
glands, and vein endings (fig. r). As in 



Figs. 36-49.— Figs. 36-40, progressive cutinization of respiratory chamb 
n,t;n nT 41-43. epidermis, young fruit, surface view; : 

lOr nil 1'^ surface view, diagram; pattern of ea 

gland- Figs. 45-4^^ outer rind, transections; progressive cracking: C 
ypodermis, FL, flavedo. Figs. 48, 49, epidermis, surface view; dissolution of 
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epidermis and hypodermis, cell division 
continues in the outer flavedo until the 
fruit is approximately full grown. The 
cells are polygonal in outline with com- 
paratively small intercellular spaces. In- 
crease in volume of the inner flavedo re- 
sults from expansion both of cells and of 
intercellular spaces. The lobed cells of 


vary. Chromoplasts contain numerous 
minute granules of pigment, less than 
1 in diameter. Typical leucoplasts may 
inclose a varying number of starchlike 
grains, 1-3 n in diameter, which stain 
faintly blue with IKI. Certain other 
plastids, intermediate in ergastic con- 
tent, contain both pigment and starch. 



Figs. 50-56.— Fig. 50, epidermal cells, surface view; protoplast: V, vacuole; N, nucleus; PL, plastid. 
Fig. 51, flavedo cell; protoplast: HE, hesperidin. Fig. siA, B, C, plastids with granules: PG, pigment; 
SL, starchlike granules. Fig. 53, albedo cell; protoplast. Figs. 54-56, epidermis, surface view; staining by 
methylene blue of vacuoles and stomatal plugs: CRj crack. 


this zone form a transition to the charac- 
teristic branched elements of the albedo. 
The cells adjacent to the oil glands in 
the outer and inner flavedo are thick- 
walled, flattened, and characteristically 
pitted. 

Plastids (figs. 51, 52) are abundant 
throughout the entire tissue, typical 
chloroplasts in the younger fruits, and 
chromoplasts in the older. In the mature 
fruit the contents of the plastids may 


Granules and mitochondria are present 
in the cytoplasm in all flavedo and 
albedo cells (figs. 50, 51, 53). 

Oil glands. — ^The schizolysigenous 
development and the structure of the oil 
glands have been discussed in a number 
of earlier publications, as have, more re- 
cently, their distribution in relation to 
water spot (2, 15, 35, 38, 41). 

Venation. — In the rind, as in the fruit 
as a whole, the carpel is the unit of struc- 
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ture. The venation of the carpel is simi- 
lar to that of the leaf, pinnate-reticulate, 
with conspicuous midrib and marginal 
veins (42). The pattern, however, is 
three-dimensional and may be traced in 
gross segments of the rind treated with 
phloroglucin and HCl. The ultimate 
veinlets bracket the oil glands and ex- 
tend around them for half of their length 
(fig. i). The component elements of the 
vascular tissue are similar to those of the 
phloem and xylem of the leaf. The xylem 
includes spiral vessels and tracheids, 
reticulate tracheids, and xylem paren- 
chyma (34). As in the leaf the blind vein- 
endings consist of a knot of spiral tra- 
cheids only. 

Albedo 

On first examination of thin sections 
of albedo, no pattern of structure is dis- 
tinguishable, but, when development of 
the tissue is followed in comparatively 
thick sections, the structural plan be- 
comes clearly defined (figs, i, 16-27). 

Meristematic cells in the young albedo 
are typical tetrakaidekahedra in form. 
As they expand, they become spherical, 
and intercellular spaces appear (figs. 16, 
19). Each single cell in this compact tis- 
sue is in contact and in direct plasmo- 
desmatal connection with eight other 
cells of roughly equal size (fig. 18). As 
growth proceeds in the rind as a whole, 
the albedo cells fail to sustain the pace of 
cell division and expansion necessary for 
the formation of a solid tissue. The in- 
tercellular spaces thus expand enormous- 
ly, and the cell outline becomes more and 
more deeply lobed, but throughout the 
entire period of growth the original plas- 
modesmatal connections are maintained 
(figs.^17, 18, 34). 

With further growth in volume the 
lobes of the cell extend as arms approxi- 
mately equal in length. Thus the open 


mesh of the mid-albedo in the mature 
fruit consists of typical eight-armed sym- 
metrical cells. Each arm terminates in a 
sieve-plate or plasmodesmatal area. The 
symmetry of the cells is evident, since 
transverse, radial, and tangential sec- 
tions of the mid-albedo are practically 
identical in appearance. 

Variation in the rate of cell growth in 
different regions of the rind results in 
strains and stresses which cause devia- 
tion from the above typical pattern. 

In the outer albedo, expansion is 
effected by continuous cell division rath- 
er than by increase in cell volume as in 
mid-albedo. The cells of this outer region 
differ from the typical eight-armed ele- 
ments in the shortness of the tangential 
arms and in the absence of radial ones 
(figs. 28, 29). 

In the inner albedo, cell divisions 
cease at approximately the same time as 
in mid-albedo. Arm development in the 
inner six to ten rows of cells is inhibited 
by radial compression (fig. i). 

The length of the cell arms in the rind 
as a whole varies with rind thickness and 
sponginess. The tissue pattern may be 
further complicated by the development 
of adventitious arms. The latter may 
arise at any point of the cell surface as 
papillae and may remain short (figs. 33, 
34) or extend hypha-like into the inter- 
cellular spaces. 

Walls throughout the entire albedo are 
comparatively uniform in thickness. The 
illusion of collenchyma-like thickenings 
adjacent to intercellular spaces observed 
in the necessarily thick sections of fresh 
material is an optical illusion due to per- 
spective on the curving cell surfaces (figs. 

32,35)- 

The albedo cells are transparent, and 
abundant sugar may be demonstrated 
microchemically within the vacuoles. 
The peripheral cytoplasm, a thin layer, 
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extends throughout the arms and thence 
through the plasmodesmatal connec- 
tions. The nucleus is generally central in 
position but occasionally may lie within 
one of the arms. Plastids are relatively 
few in number and in younger cells sur- 
round the nucleus, while in older cells 
they are more numerous in the peripheral 
cytoplasm. Mitochondria are evident in 
cells of all ages (fig. 53). The cells of the 
inner epidermis are of variable outline, 
thick-walled, and covered by a thin 
cuticle (fig. i). 

Cracking of rind 

The cracking of the rind is the crucial 
stage of water-spot injury, since it allows 
increased penetration of water and also 
the entrance of mold spores (figs. 41-47). 
For intensive study of cracking, the tear- 
ing of the epidermis and of the underly- 
ing tissues may be induced more or less 
readily in maturing fruits by placing 
them in a rain chamber, or under running 
water, for a day or more. It may, how- 
ever, be induced more consistently if seg- 
ments of rind are placed, albedo down- 
ward, in water. The same effect is ob- 
tained by slicing off a sliver of rind from 
a mature fruit and standing the latter, 
wound downward, in a Petri dish of 
water. Within 1-3 hours cracks generally 
appear around the wound and radiate 
upward therefrom as the tissue becomes 
visibly waterlogged. The pattern of 
cracking induced in the peel by the above 
methods is similar to that seen in the 
field at the onset of water-spot injury. 

The failure of the epidermis to keep 
pace with the volume increase of the un- 
derlying tissues is not peculiar to the 
mature fruit. In green oranges, ±2 cm. 
in diameter, a relative lag in the rate of 
cell division and expansion may result in 
strain and incipient rupture of the middle 
lamella (figs. 41-43). At this stage of 


growth, however, deposition of ciitiii ap- 
parently is sufficiently active to prevent 
the development of an open wound. In 
fresh material stained with Sudan III, 
and in epidermal tissue isolated by 
maceration, such cutinized areas are 
readily observed. They may occur in any 
section of the epidermis, both near 
stomata and in the intervening areas. 
Occasionally, they lie immediately ad- 
jacent to one or more discolored, non- 
living cells which, presumably, have been 
damaged by insect or other agency 
(fig. 42). 

In mature fruits, also, similar incipient 
cracks, discernible only under high power 
or oil immersion, may be evident. As in 
younger fruits, cutin deposition may 
keep pace with underlying expansion, 
and further damage be prevented. If at 
last the epidermis is strained to the 
breaking-point, the initial split may oc- 
cur at any point in the middle lamella, 
but thereafter, as the crack extends, it 
may rip through the center of living 
cells, leaving along the sides a fringe of 
moribund protoplasts and jagged rem- 
nants of wall. 

The pattern of cracking appears on 
first sight entirely erratic, but, as ex- 
pected, the basic plan depends on the 
topography of the skin — in particular, 
on the distribution of oil glands and sto- 
mata. As already observed, each oil 
gland is encircled by one or more orbits 
of stomata which lie along the slopes of 
the interglandular ridges. Conspicuous 
clefts appear first along the summits of 
the ridges, and, at the same time, fur- 
rows outline the gland margins (fig. 44). 
Finer cracks next arise around the ac- 
cessory cells of the stomatal areas and 
also radiate in all directions to form a 
highly complex network. The depth of 
the cracks is variable and may be fol- 
lowed from the mere rupture of the in- 




sufficiently elastic cuticle through the 
tearing of the epidermis and of the outer 
layers of the underlying flavedo (figs. 
45 - 47 )- 

If cracked fruits are left in compara- 
tively dry air, wound healing follows in 
the normal way by cicatrization. Within 
24 hours the entire network of a cracked 
surface is etched with a grayish-buff de- 
posit (31), and a day or two later, in sec- 
tions treated with Biebrich Scarlet or 
Sudan III, traces of cutin or suberin are 
apparent in the outer cell layers. Dam- 
aged cells adjacent to the cracks become 
shrunken and flattened, while ruptured 
oil glands, bereft of content, persist as 
minute empty cups. Suberization or 
cutinization is evident to a depth of one 
or more layers of cells. Beneath the 
cutinized surface, cell division is initiated 
in a phellogen, the cells of which are 
polygonal rather than cubical or rec- 
tangular as in the typical cork of the 
stem. 

Lignification of epidermis 

Sporadically, in mature fruits of all 
sizes, generally toward the end of the 
growing season, lignification may occur 
in small areas of the epidermis. The ini- 
tial stimulus for this fundamental chemi- 
cal change in cell-wall composition has 
not been determined. The existence of 
such comparatively nonextensible areas 
probably affects the tendency to crack in 
some fruits. As a symptom, however, it 
does not appear to be widespread. 

Absorption of aqueous stains 

The ready absorption of water by 
Citrus rind is doubtless a potent factor in 
water-spot injury (23). Absorption may 
be readily demonstrated by immersion of 
mature fruits for varying periods of time 
(2 hours to overnight) at different tem- 
peratures (±65^ F., ±28^F.) in 0.01% 


aqueous methylene blue. Qualitatively, 
the results produced by brief and by pro- 
longed staining are essentially similar, 
though accumulation of dye is naturally 
intensified after the longer immersion. 

That the permeability of epidermal 
cells is variable is evident from the fol- 
lowing preliminary observations: 

1. The staining of cell vacuoles is well 
marked in outer accessoiy cells around 
older stomata, whereas in inner younger 
accessories it may be faint or absent. All 
accessory cells, as already noted, are 
thinly cutinized. Stomatal plugs, when 
present, are invariably dark blue in 
color, while the guard cells may or may 
not show dye absorption (figs. 54, 55). 

2. The permeability of younger cells 
is, in general, erratic. Accessories and 
guard cells around younger stomata may 
or may not be faintly or heavily stained. 
In the interstomatal areas dye penetra- 
tion is sporadic and evident chiefly in 
older cells. The age of cells is indicated 
by the uniformity of thickness of the 
radial walls, in contrast to the disparity 
obvious in cells which have recently 
divided. 

3. Oil-gland cover cells of older and 
younger glands are consistently stained. 
In radial section dye penetration is evi- 
dent in both gland- sheath and glandu- 
lar cells. 

4. Wherever visible cracks occur, the 
staining of epidermal and of underlying 
cells is immediate and intense. Minute 
cracks in the middle lamella, detected 
only microscopically, appear as discrete, 
deeply stained, pinpoint areas (fig. 56). 

Some effects of freezing 

During winter, damage by occasional 
frosts may not be effectively prevented 
by smudging. The specific susceptibility 
of the fruit rind cells to low temperature 
has been discussed in detail in a recent 
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paper (28). The effect of low temperature epidermal surface. This ''sweating'' is f 

in the field in relation to water-spot in- not to be confused with the normal con- 
jury is still a matter for physiological in- densation of moisture which occurs over 
vestigation. As far as the structure of the the chilled fruit within the next 5 min- 
rind as a whole is concerned, the result of utes after removal from the cold tern- i i| 

intense or prolonged freezing is tissue perature. ' V 

death (s, 27). Oil glands are ruptured, xhe explanation of sweating is still to 
cracks appear, and water loss causes cell be sought, perhaps in the intricate struc- 
shrinkage. Beneath the depressed, dis- ture of the cell wall. The walls of living 
colored, shrunken cutinized or suberized cells are saturated with water. On freez- 
areas of frost damage, a phellogen is differential expansion in the inter- 
initiated, the activity of which, however, micellar spaces may result in micel dis- 
appears to be limited to one or two tan- location and the formation of submicro- 

gential divkions only. Frost injury simi- scopic clefts. Through such channels in 
lar to that in the field may be induced ex- ^he weakened wall, on thawing which fol- 
perimen tally in picked fruit by freezing lows immediately after release to warm 
localized areas of the rind. air, surplus fluid "sweat" escapes. The 

In addition to visible surface damage, nature of the exudate is undetermined 
freezing results in internal tearing. Rup- but is presumably water with a trace of ' 

ture occurs generally between hypoder- natural oil. 
mis and flavedo and is evident both in 

field and in experimentally frozen fruit. Discussion 

A curious phenomenon which can best 

be described as "sweating" occurs when ^ regard to the orchard practice of 
fruits are first removed from a ref riger- oil-spraying, it is established that the i 

I ator (±28°F.) to warm air (±70° F.). incidence of water spot is consistently ii: 

Freshly picked fruits are placed in a re- higher in sprayed than in fumigated or ; 

frigerator and dotted with drops of water untreated groves (lo, ii, 12, 14, 37). Oil 
which are marked by rings of India ink. is known to penetrate the orange tissues 
In a short time the water drops freeze, (i. 25 , 32), but no anatomical differ- 

but within 24 hours the ice evaporates, ences (e.g., hypertrophy or^dwarfing of 

On removal from the refrigerator, the ceUs, meristematic activity, etc.) were ;i 

entire surface of the orange, when imme- observed in the unsprayed, sprayed, or 

diately and carefully examined with a oil-dipped fruits. The presence of i , 

hand lens, appears at first uniformly dull, oil in the walls and in the protoplasts of j,j 1 

Within 60 seconds, however, the water- epidermal and underlying cells may i,, '| 

drop areas glisten with moisture. The affect their physiological condition, Tut |;^ 

^ liquid exudes from apparently intact epi- significant differences in permeability ; 

' dermal or accessory cells, not from were indicated in preliminary experi- 

oil glands, nor through stomata, nor nients on dye absorption, 
through microscopically observable sur- Further investigation may show that 
' face cracks. The fluid is sufficiently pro- specific cells of the rind, after oil-spray- 

fuse to ooze downward and collect tem- ing, are less tolerant to low temperature 

porarily in the depressions of the oil than untreated cells (28). The presence 

glands. In dry air the moisture evapo- of frost-killed cells would prove an addi- 


rates in a short time and leaves an intact tional factor in rind weakness, since it 
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would increase permeability and tend- 
ency to crack. 

Apart from possible oil-spray damage, 
the rind of the Washington navel is 
structurally weak, owing to scattered 
areas of lightly cutinized cells in the epi- 
dermis. Chemical analyses of the fruit 
as a whole indicate that, during ripening, 
sugar and nitrogen content approach a 
maximum (3, 4, 19, 36) and that, at the 
same time, significant changes occur in 
the pectic substances of the cell walls 
(16, 30, 33). Thus both osmotic condi- 
tions and imbibition capacity of the wall 
favor water absorption and retention. 
At maturity, therefore, the balance be- 
tween epidermal extension and volume 
increase is critical but, under normal 
weather conditions, is maintained. If, 
however, heavy rains, alternating or not 
with frosts, occur during this period, the 
physiological equilibrium may be upset, 
and excessive water intake and localized 
accumulation stretch the epidermis to 
the cracking-point. 

Recent work indicates that all varie- 
ties of navel oranges are not equally 
susceptible to water spot (21). Some, less 
desirable from the commercial stand- 
point, are more resistant than the Wash- 
ington navel. No significant anatomical 
differences were observed in the rind 
structure of susceptible and nonsuscep- 
tible varieties. 

Summary 

1. The symptoms of water-spot in- 
jury, as already described by other in- 
vestigators, are waterlogging and subse- 
quent cracking of the rind of the ripening 
Washington navel orange. 

2. The epidermis of the rind of the 
Washington navel, as of other varieties, 
is structurally weak. Cell division con- 
tinues during maturity, and discrete, 
new, thin-walled cells are consistently 


present. In addition, the thinly cutinized 
accessory cells constitute zones of weak- 
ness. 

3. That the epidermis and underlying 
tissues are readily permeable to water is 
demonstrated by immersion in vital 
stains. Methylene blue appears in the 
cell vacuoles, particularly of accessory 
cells and gland-cover and gland-sheath 
cells. 

4. The sponginess of the rind, especial- 
ly of the albedo, facilitates water accu- 
mulation. 

5. The albedo differentiates from 
tetrakaidekahedral meristematic cells 
and, when mature, consists of an open 
meshwork of eight-armed cells intercon- 
nected by plasmodesmata. 

6. Structural weakness is already ap- 
parent in the young fruit. Incipient 
microscopic cracks, owing to normal 
growth strains or insect puncture, are, 
however, healed by concurrent deposition 
of cutin. 

7. In the mature fruit the balance be- 
tween epidermal extension and increase 
in volume of underlying tissues is critical 
and may be upset by excessive water ab- 
sorption during winter rains. The cracks 
which result may heal in dry weather by 
normal cicatrization or, in continued 
rain, may remain open and allow the 
entrance of fungal spores. 

8. Why the Washington navel orange 
is more susceptible to water spot than 
other varieties which ripen at the same 
time is undetermined. No significant dif- 
ferences in rind structure are evident. 

9. The orchard practice of oil-spraying 
does not visibly affect rind structure. No 
anatomical difference is observed be- 
tween untreated and oil-sprayed, or 
even oil-dipped, fruits. 

Division of Botany 
University of California 
Los Angeles 
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CITRUS LEAF STOMATA: STRUCTURE, COMPOSITION, AND PORE 
SIZE IN RELATION TO PENETRATION OF LIQUIDS^ 

P. M. TURRELL 


Introduction 

Stomatal numbers and sizes have re- 
ceived considerable attention in plant in- 
vestigations. Either number or size, or 
both, have been used in theoretical con- 
siderations of transpiration (8, 17), dif- 
fusion rates (3), genetic composition (7), 
age of clones (2), height of leaf insertion 
on the stem (15, 25), xeromorphy (15), 
differentiation of sun- and shade-leaf de- 
velopment (4), ecological habitat (18), 
irrigation (16), and inorganic nutrition 
(13). In some cases stomatal pore size 
has been reported, but in much of the 
work stomatal size is reported as guard- 
cell size. 

Reed and Hirano (19) and Hirano 
(9) have made excellent and extensive 
stomatal counts in citrus leaves; but no 
estimates have been made of stomatal 
pore sizes in citrus leaves, though pore 
measurements were made by Eckerson 
(6) for a rather sizable number of other 
genera. 

Stomatal pore size in citrus leaves is of 
practical importance because penetration 
of sprays used for control of insect and 
fungus pests of citrus may be a function 
of pore size, shape, and conformation, as 
well as of spray composition. This con- 
clusion is fortified by consideration of the 
well-known formula for the rise of a liq- 
uid in a capillary tube 

( 1 ) 

rg 

where h is the height of rise (i.e., a meas- 
ure of the attractive force involved), y is 


the surface tension of the liquid, 6 is the 
contact angle, r is the radius of the tube, 
and g is gravitational force. These rela- 
tionships were discussed by Hoskins (ii) 
and by Willows and Hatschek (24). 

Material and methods 

Stomatal structure was studied from 
samples cut from fresh citrus leaves, 
which were killed in formalin-acetic 
acid-alcohol and made into permanent 
microscope slides by standard methods. 
Both transverse and tangential sections 
were examined with a microscope fitted 
with an oil-immersion objective. Photo- 
graphs and drawings were made and used 
as a basis in making a plastic model of a 
stoma for interpreting the external stom- 
atal structure. 

For the studies on stomatal pore size, 
five average-sized sun leaves were select- 
ed from one tree each of Marsh grape- 
fruit, Valencia orange, and Washington 
navel orange; ten sun leaves, five medi- 
um-sized and five small-sized, were se- 
lected from a Eureka lemon tree. All the 
trees were about 12 years old, in good 
condition, and growing in plots at the 
University of California Citrus Experi- 
ment Station, Riverside. The leaves were 
picked fresh as needed and were washed 
with water. The resinous stomatal plugs 
were removed with alternate applica- 
tions of alcohol and xylene, using a cot- 
ton swab. After killing in boiling alcohol, 
freehand tangential sections of the lower 
epidermis were made, stained in rutheni- 
um red, mounted in glycerine, and sub- 
jected to a direct microscopical examina- 
tion, using a high-power (62 X) dry ob- 


^ Paper no. 557, University of California Citrus 
Experiment Station, Riverside, Calif. 
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jective, in combination with a 12X ocu- 
lar fitted with an ocular micrometer. The 
dimensions of ten or more stomatal pores 
were measured on each leaf. Calibrations 
indicated that one division of the ocular 
micrometer was equal to i.iSja. Read- 
ings could be made to one-half of a divi- 
sion, giving an accuracy of about 0.59 /x. 

The ellipticity of the stomatal pores 
was determined by making enlargements 
(4400 X) of camera lucida drawings of 
stomatal pores and by testing points {p) 
on the curve in the first quadrant by 


Stomatal pore perimeter and area were 
calculated from the formulas for the 
perimeter (P) and area (* 4 ) of an ellipse 

r = 2 t \ — 2 — ^^d A ^Tab , 

where a is the major seniiaxis (length) 
and b the minor semiaxis (width). 

Results 

It was determined by the methods of 
mathematical analysis described above 
that stomatal pores of Washington navel 


TABLE 1 

Comparison OF calculated and observed values of r and n for various values of ,x*, for 

STOMATAL PORE I, WHEN a == 2.05, b = 0.7 (OBSERVED), AND c == 1.93 (CALCULATED); AND FOR 
STOMATAL PORE 11, WHEN a = 2.28 AND b = 0.62 (OBSERVED), AND c = 2.19 (CALCULATED)* 



Pore I 

Pore II 

X 

T fi 

r : ; ■ ft 


Calcu- 

Ob- Calcu- 

Ob- 

Calcu- 

Ob- Calcu- 

Ob- 


lated 

served lated 

served 

lated 

served lated 

served 

0.50 

2.52 

2.50 1.58 

1.52 

2.76 

0 

00 

1 ,80 

1 . 00 

2. 99 

2.99 I. II 

I . 10 

3.24 

3«24 1-32 

1-32 

1.50 

3-46 

3.46 0.64 

0.65 

3‘72 

3-74 0.84 

0.86 

1-93 

3.86 

3.82 0.24 

0.30 




2.00 




4.20 

4-19 0.36 

0.38 


* For explanation of symbols and methods see text, 

direct measurement of r and fi and com- 
parison with calculated values, using the 
observed major (a) and minor (6) semi- 
axes of the pore to determine the foci (t) 
for measured and calculated values 
(fig. i). The points (p) were determined 
by erecting perpendiculars to the ;r-axis 
at arbitrarily set points, Xi .... Xn. The 
value c was calculated from the formula 

while r and Ti were calculated, respective- 
ly, from the formulas 


orange leaves are elliptical. The observed 
elliptic constants, and the calculated and 
observed variables, are shown in table i. 

The general structure of a stoma of a 
Valencia orange leaf is shown in figures 
2“4. Notable features are the ridges sur- 
rounding the stomatal chamber, the 
loosely fitting stomatal plug which near- 
ly fills the stomatal chamber (the space 
between the plug and the chamber wall 
is about o.s m), and the extremely large 
stomatal chamber (7.8 ja deep), at the 
bottom of which lies the elliptical stom- 
atal pore. Brown and Escombe (3) 
found the stomatal pore (‘Tube’O in 
Helianthus to be 14 ix in length. In the 
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Figs. 1-4. — Fig. i, diagram of an ellipse, showing 
method used for testing ellipticity of stomatal pore: 
a, major semiaxis; &, nlinor semiaxis; c, foci; Xi, X2 
, arbitrary values on .v'-axis; pt^ ^2 , 
points cut off on ellipse by perpendiculars erected 
at Xi^ X2 ■ ‘ \ Ty distance from —c to p; ri, dis- 

tance from -i-c to p. Fig. 2, diagram of surface view 
of stoma of Valencia orange leaf: A, guard cell; 
stomatal crevice; C, stomatal ridge; D, stomatal 
chamber (outer vestibular opening — Vorhof) ; and 
E, stomatal pore. Fig. 3, diagrjam of longitudinal 
cross section of stoma of Valencia orange leaf: F, 
stomatal pore wall; G, substomatal chamber (inner 
vestibular opening— Hinter ho ff). Fig. 4, diagram of 
transverse section through stoma of Valencia orange 
leaf, at center: H) stomatal plug; /, cuticle; and 
nucleus. 


Valencia orange leaf, however, the walls 
of the stomatal pore are only 3.1 in 
length, so that even though the sub- 
stomatal chamber formed by the inner 
side of the guard cells is shallow, the 
stomatal pore appears to be a perfora- 
tion in a thin membrane formed by an 
extension or protrusion of the inner walls 
of the guard cells. On the outer surface 
the line of junction of the guard cells is 
somewhat sunken and forms a miniature 
crevice leading to the stomatal chamber. 
This crevice is not interrupted by the 
stomatal ridge lying along the edge of the 
stomatal chamber, so that a line of flow 
apparently exists from the surface to the 
interior of the stoma. A cuticle about 3 ju 
thick covers the outer surface of the 
guard cells, forms the stomatal ridge, and 
extends downward into the stomatal 
chamber to the entrance of the stomatal 
pore. Although the stomatal chamber is 
completely cutinized, the stomatal pore 
walls are not. The pore walls react 
strongly with ruthenium red, and this 
suggests that they may be constituted 
either entirely or in part of pectinaceous 
material. Examination of the pore re- 
gion with a polarizing microscope showed 
only slight and occasional streaks of 
double-refractive material. This seems 
to substantiate the staining evidence 
that the walls of the stomatal pore are 
pectinaceous. The stomatal plug, accord- 
ing to other investigations (10), seems to 
be of resinous composition. 

The average lengths (2a) and widths 
(2b), with standard errors, of fifty or 
more stomatal pores of leaves of each of 
the common commercial varieties of 
citrus are shown in table 2, in conjunc- 
tion with the maximum and minimum 
pore lengths and widths. In the leaves of 
Eureka lemon the difference between 
pore lengths of medium and small leaves 
is perhaps not significant, but pore 
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width appears significantly smaller in the 
small leaves. xAverage stomatal pore 
length was smallest in the leaves of 
Washington navel orange, and larger in 
increasing order in Eureka lemon, Marsh 
grapefruit, and Valencia orange. Pores 
of small leaves of Eureka lemon and of 
medium-sized leaves of Marsh grape- 
fruit, though about equal in width, were 
narrower than those of Washington navel 
orange. Leaves of Washington navel 
orange had the second smallest average 
pore width. Pores of medium-sized leaves 


Discussion 

The term “stoma’^ is derived directly 
from the Greek o-ro/ia, meaning '^mouth.’' 
Jackson (12) defines it as ^'a breathing 
pore or aperture in the epidermis, sur- 
rounded by two guard-cells, leading into 
an intercellular space communicating 
with internal tissue.’’ From this defini- 
tion it may be inferred that ‘'^stoma” ap- 
plies to the pore between two adjacent 
guard cells. Generally, however, as indi- 
cated in papers already cited, the guard 
cells have been included as part of the 


TABLE 2 

Stomatal pore sizes of citrus leaves 


Kind or leap 

Num- 
ber or 

Leaf 

Pore length (ju) 

Pore width (m) 

Aver- 

age 

PORE 

Aver- 

age 

PORES 

MEAS- 

URED 

SIZE 

, Maxi- 

Average 

mum 

Mini- 

mum 

Average 

Maxi- Mini- 
mum mum 

PERIM- 

ETER* 

W 

PORE 

AREA* 

Eureka lemon. . . 

SO 

Medium 

7 - 04 + 1 . 73 t 12.4 

3 -S 

3.oS±o.97t 

S -9 1-2 

17. I 

17.0 

Eureka lemon. . . 

50 

Small 

7.13 12.4 

2.4 

2.07 

5.9 1.2 

16. 5 

II . 6 

Marsh grapefruit 

50 

Medium 

8.06 + 1.59 12.0 

4-7 

2.08 + 0.50 

3 -S ^-2 

18.5 

13.2 

Valencia orange. 

70 

Medium 

8.91+3.10 14.2 

S -3 

3.80 + 0.98 

6.5 1.8 

21.5 

26.6 

Washington na- 


■ 







vel orange .... 

SO 

Medium 

4.78 + 0.86 8.3 

3 S 

2.32 + 0.82 

4.7 1.2 

II . 8 

8.7 


* Considering the stomatal pore as an ellipse. 

of Eureka lemon were next larger in 
width, and those of Valencia orange were 
largest. Stomatal pore size was highly 
variable, Marsh grapefruit and Washing- 
ton navel orange showing the least vari- 
ability, Eureka lemon and Valencia 
orange the most. 

The average pore perimeters, in order, 
from smallest to largest, were those of 
Washington navel orange, of small leaves 
of Eureka lemon, medium-sized leaves of 
Eureka lemon, Marsh grapefruit, and 
Valencia orange (table 2). For pore areas 
the order of size was the same, except 
that pore areas of Marsh grapefruit were 
smaller than those of medium leaves of 
Eureka lemon. 


t Standard error. 

stoma. The nomenclature used in the 
present paper has, so far as possible, been 
based on common usage in the literature. 
Thus “stoma” has been employed in the 
general sense of including a stomatal pore 
and two guard cells. In a special sense, 
the stomatal pore has been limited in 
this paper to mean the connecting space 
between the stomatal chamber and the 
substomatal chamber. The terms “stom- 
atal ridge,” “stomatal crevice,” and 
“stomatal plug” have been employed 
without precedent in order to facilitate 
discussion of stomatal structure in rela- 
tion to spray penetration. 

The structure of the citrus stoma is 
such that a liquid of the proper charac- 
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tenstics might, if placed on the surface 
of the leaf, be drawn rapidly into the 
mesophyll. Liquid accumulating in the 
narrow stomatal crevice, through action 
of the various vectors of gravitational 
force operating when the leaf is moved by 
air currents, could be drawn to the edge 
of the stomatal plug, where it would be 
drawn rapidly under by capillary force, 
even though the stomata are confined to 
the lower leaf surface (except over the 
major veins) where entrance is hindered 
by the action of gravitational force. Inas- 
much as the distance between the plug 
and the stomatal chamber wall is about 
half a micron, the capillary force might 
be sizable. Factors that would be expect- 
ed to influence capillary flow, other than 
pore size, are the pectic nature of the 
constituents of the stomatal tube wall 
(21), the elliptical pore of small width 
(averaging 2-4 fi), the resinous stomatal 
plug, and the cuticular covering of the 
stomatal chamber. Rate of flow for a 
particular liquid would, of course, be 
influenced by the magnitude of the mo- 
lecular forces involved in the liquid-solid 
interfaces, as well as by the size of the 
free space in the channel between the 
stomatal plug and chamber wall, and by 
the pore area. 

In the monsoon region of forests of 
China and the Malay Archipelago (22), 
the problem of gas diffusion into and out 
of the citrus leaf mesophyll could be 
critical during periods of intense insola- 
tion immediately following heavy rains, 
if the stomata and intercellular spaces of 
the mesophyll became filled with water. 
The likelihood of the latter occurrence is 
probably small, however, as the struc- 
ture of the citrus stoma seems well adapt- 
ed to the native habitat of the cultivated 
species of Citrus. Resinous stomatal 
plugs and cutinized stomatal chambers- 
perhaps effectively prevent the stomata. 


and consequently the intercellular spaces, 
from filling with water. 

The operation of the mechanism in 
preventing water penetration may be ex- 
plained as follows: The contact angle (6) 
between distilled water and waxed capil- 
lary glass tubes, as has been shown by 
Ebeling (5), is large (i.e., cos d is small), 
and the height of rise of water in the 
tubes is zero; whereas in clean un- 
waxed capillary glass tubes the contact 
angle d is small, and the height of rise is 
more than 2 cm. This shows that, where 
contact angles are large, surface forces 
are small. Inasmuch as the citrus resin 
(of which the citrus stomatal plug con- 
sists) is probably formed by polymeriza- 
tion and oxidation (of low order) of the 
ethereal oils, as are most resins, one 
might expect a citrus resin to be poly- 
merized from a common ethereal oil such 
as limonene, which is found in citrus. 
The structural formula indicates that 
this substance is relatively nonpolar and 
that the contact angle ( 8 ) of water ^yith 
it would be large. 

CH, 


C = CH 


CH, CH, 


CH, CH 


Surface forces are known to be the re- 
sult, in part at least, of the structures of 
the. molecules making up the surface. 
The i,8(9)-p-menthadiene (limonene), 
though not so symmetrical as the parent 
molecule menthane, electrically, is fairly 
symmetrical. There are no 0 -H, N-H, 
S-H, or halogen bond moments to con- 
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tribute large charges. Such charges as 
would effect polarity arise primarily 
around the i and 4 carbons of the ring 
and from C-H bonds. Rough calcula- 
tions of the bond moments by differences 
of electro-negativities (23) indicate a 
moment of about 1.6 Debye units, which 
is relatively small and indicates that the 
water contact angle with limonene and 
its polymers would be large. 

Markuey et al (14) have isolated and 
identified some of the constituents of 
grapefruit peel cuticle and found solid 
fatty acids having a mean molecu- 
lar weight corresponding to C32H64O2; 
the unsaturated fatty acids linolenic 
(CX7H29COOH), linoleic (CX7H3XCOOH), 
and oleic (C17H33COOH); a sapogenic 
ketone, C30H52CO; hydrocarbons G29H60 
and C31H64; a phytosterol, C28H47OH; 
and umbelliferone, C9H6O3, These com- 
pounds, likewise, obviously have a very 
small degree of polarity (as the number 
of OH and CO groups are few) , and the 
coniact angle (6) of water with them 
therefore must be large. Ebeling (s) has 
investigated the contact angles of water 
on the intact ventral surfaces of various 
citrus leaves and found them to be high 
(orange, 69^54' ; grapefruit, 67*^21'; 
lemon, 76°42'). The fact that there is 
such a small space (0.5 ju or less) between 
the stomatal plug and the stomatal cham- 
ber wall suggests that strong capillary 
forces might be active (as may be seen 
by making r very small in eq, [i]). How- 
ever, when the contact angle is large, 
cos 0 is small; this indicates that sur- 
face forces will be small (as may be seen 
by making cos 6 small in eq. [i]) and that 
any significant penetration of citrus 
stomata by water is unlikely. In fact, 
Turrell and Klotz (21) found that, 
although large and small oranges have 
statistically significant differences in the 
number of stomata in the peel, there were 





no significant differences in the amount 
of water absorbed when the fruits were 
immersed. 

It seems, therefore, that the above ex- 
planation serves to show why the water- 
spotting of Washington navel orange 
fruit is a result of water penetration of 
the peel through cracks and abrasions 
and not through stomata. With oil 
sprays, the contact angles (5) may be 
moderately low {6 = 32°s0 to extremely 
low (6 = 11° 26'), and penetration of the 
stomata may be expected. With water 
sprays containing certain spreading and 
wetting agents, contact angles in tests on 
Viburnum leaves (5) were moderately 
low (45^22') to fairly low (27°S70- 
There is some evidence that, so far as oil 
sprays are concerned, penetration of cit- 
rus stomata has occurred. Rohrbaitgh 
(20) observed that, when oil was painted 
on the under surfaces of orange leaves, it 
penetrated into the mesophyll more rap- 
idly than when painted on the upper sur- 
faces, owing to entrance through the 
stomata, which are present only on the 
underside of the blade. 

Penetration of the leaf by zinc, iron, 
manganese, and other salts carried in 
emulsions in oil sprays, or in water sprays 
containing certain wetting or spreading 
agents, may be expected to enter the 
stomata rather readily. Certain spread- 
ing or wetting agents may be more effec- 
tive than others, however. Ebeling (5) 
has shown that the contact angle (0) 
varies with the wetting agent and with 
the kind of waxy substrate. 

In view of the peculiar structure of the 
plugged citrus stoma, questions naturally 
arise: Are the stomata operative? If they 
are, how much are pore dimensions af- 
fected? Transpiration measurements by 
Bartholomew (i) showed a light- to- 
shade decrease in dorsal/ventral tran- 
spiration ratio from 86 mg,/752 mg. to 
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52 mg./227 mg. of water lost. On the 
reversed sequence (shade to light), 
the ratios were 43 mg./252 mg. to 
69 mg./684 This strongly suggests 
that the stomata are operative, since 
the effects of temperature were clearly 
largely eliminated by the change in se- 
quence. 

In view of the heavy cuticular layer 
over the guard cells in the region of the 
stoma tal chamber (fig. 4), it seems un- 
likely that the chamber dimensions 
would vary greatly. The stomatal plug 
so nearly fills the stomatal chamber that 
closure of more than i or 2 /x of this por- 
tion of the stomata would be impossible. 


pore lengths and pore widths for the 
various kinds of citrus leaves is shown 
in table 3. Computation of the F values 
for pore lengths from this table gave 
46.7. Computation of the F values for 
pore widths for the various kinds of cit- 
rus gave 275.15. Thus, both pore lengths 
and pore widths are significantly differ- 
ent at the 1% level for the different 
kinds of citrus leaves. 

Summary 

I. The stomatal pore in Washington 
navel orange leaves is elliptical in shape. 
The average stomatal pore lengths and 
widths for medium-sized leaves of Eure- 


TABLE 3 

Analysis of variance of stomatal pore length and width 
IN various kinds of citrus leaves 


Source oe variation 

i Degrees of 

FREEDOM 

Sum of squares 

Mean square 

Pore length 

Pore width 

Pore length 

Pore width 

Total 

219 

971.7 

1803 

4.44 

8,23 

Between means of kinds 

3 

381.0 

1428 

127.00 

476 . 00 

Within means of kinds 

217 

590-7 

375 

2.72 

1-73 


However, this closure, though involving 
only a small movement, might for all 
practical purposes stop gaseous ex- 
change. 

Examination of figure 4 indicates that 
the closure of the stomatal pore might 
easily be effected by the swelling of the 
guard cells, for the guard-cell walls are 
quite thin in the vicinity of the pore and 
quite thick elsewhere. We therefore may 
expect some variation in pore size with 
time of day. The leaves used in the pres- 
ent study were picked generally between 
9:00 and 10:00 A.M. and not later than 
2:00 p.M. Correlation of stomatal pore 
size in citrus with time of day remains 
to be studied. 

Analysis of variance for the signifi- 
cance of the differences among stomatal 


ka lemon were 7.04 X 3.08 /x; of Marsh 
grapefruit, 8.06 X 2.08 /x; of Valencia 
orange, 8.91 X 3.80 /x; and of Wash- 
ington navel orange, 4.78 X 2.32 jtx. 
Stomatal pore length , and width were 
both highly significantly different for 
each kind of leaf. 

2. Study of a stoma of a lemon leaf 
shows that it has a complicated surface 
structure which makes calculation of the 
action of surface forces on spray liquids 
more difficult than if based on stomatal 
pore size alone. Evidence based on molec- 
ular forces indicates that citrus stomata 
are not penetrated by water but may be 
penetrated by oil. 

University or, California 
Citrus Experiment Station 

Riverside, California 
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PIGMENT GLANDS OF COTTONSEED. II. NATURE 
AND PROPERTIES OF GLAND WALLS 

CHARLOTTE H. BOATNER, CATHERINE M. HALL, MARY 
L. ROLLINS, AND LEAH E. CASTILLON 


Introduction 

Goss)^ol, the principal pigment of cot- 
tonseed, is a hexaphenolic, dicarbonyl- 
dinaphthalene derivative (i, 8, 22) 
which cannot be assigned to any of the 
more important classes of plant pigments 
such as porphyrins, carotenoids, flavones, 
anthocyanins, or quinones (15, 18). It 
has been stated to be peculiar to seed of 
the genus Gossypium and a few other 
closely related genera (26, 31). The re- 
cently discovered purple- and orange- 
colored cottonseed pigments, gossypur- 
purin (2) and gossyfulvin (4); are, like- 
wise, polyphenolic and are derivatives of 
gossypol. 

Cottonseed pigments are unique not 
only in their chemical nature but also in 
their manner of occurrence in the seed. 
In summarizing the distribution of the 
more important classes of plant pig- 
ments, Haas and Hill (10) noted that 
they usually occur in one of three ways: 
in solution in the cell sap, as in the case 
of most anthocyanins; as powdery de- 
posits in the bark or on the leaves, stems, 
flowers, and seed capsules, as in the case 
of many flavones; or in the plastids, as in 
the case of the carotenoids and chloro- 
phylls. Most of the pigments of cotton- 
seed are contained in distinct morpho- 
logical structures, which are relatively 
large ovoid or spherical bodies, 100-400 ju 
on the long axis, and have been variously 
designated as “secretion cavities,” “resin 
glands,” “oil glands,” or “gossypol 
glands” (31). Pigment glands are charac- 
teristic of all species of Gossypium and 


seem to be peculiar to this genus and to a 
very few closely related genera of the sub- 
family Hibisceae (26, 31). 

The earliest investigators of Ae struc- 
ture of the cottonseed (6, 12, 13) noted 
the occurrence of pigment glands and re- 
ported the existence of a gland “mem- 
brane” made up of two layers, the outer 
layer consisting of thin-walled, tan- 
gentially flattened cells and the inner lay- 
er of mucilaginized material m which 
traces of cell waUs were still evident. 
Hanausek (12, 13) noted that succes- 
sive treatment of the gland with water 
and solutions of hydrochloric acid and 
potassium hydroxide revealed the muci- 
laginized layer as a yellow, folded, and 
laminated mass. Subsequent investiga- 
tors have neither added to the early 
descriptions of the gland “membrane” 
nor confirmed its existence. 

The pigment glands are very resistant 
to mechanical rupture as well as to the 
action of a number of organic liquids; 
and, when cottonseed kernels are com- 
minuted while in contact with a mixture 
of inert organic solvents (density 1.378 
gm./ml.), the intact glands will rise to 
the surface, with the other seed tissue 
falling to the bottom (5). Although 
the assumption that the pigments are 
confined within a resistant membrane 
seemed to constitute the most logical 
explanation of their behavior, it might 
be argued that they occur in peculiarly 
resistant agglomerations held together 
by surface forces, as has been suggested 
in the case of plant plastids (32). 
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The present investigation was under- 
taken with the object of obtaining fur- 
ther information concerning the struc- 
ture and properties of the pigment glands* 
All experiments were carried out with 
samples of three pure-bred strains of 
Gossypium hirsutum. 

Observations 

Pigment glands are profusely dis- 
tributed over the cotyledons and hypo- 


liminary defatting of ground or flaked 
cottonseed did not alter the reaction of 
intact glands with water. 

Pigment gland wall 

Structure, — In order to investigate 
the structure of the emptied gland, in- 
dividual glands were soaked overnight in 
alcoholic acetic acid (5% acetic acid in 
95% ethyl alcohol) and then in 25% 
aqueous ammonium hydroxide. They 



ilii 


Fig. I.— Cross section of cottonseed through 
radicle and cotyledons, showing distribution of pig- 
ment glands. X14. (Photomicrograph by T. L. W. 
Bailey.) 






Fig. 2.~Single cottonseed pigment gland reacting with water: beginning of rupture ;%B, contents 

emptying; C, almost emptied; jD, completely emptied. Xs^o. (Photomicrographs by M. L. Rollins.) 


The plate-like structure of the walls is the microscope. In the case of glands 
characteristic not only of separated separated by flotation and subsequently 
glands but also of glands in the seed, sieved in a dry state to remove particles 
The curved and bulging outlines of the of defatted meal, the outlines of the 
plates may be readily observed in glands plates are particularly evident because of 
in seed sections by changing the focus of the packing of finely divided defatted 
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meal particles along the seams between 
the plates. 

The action of water alone is entirely 
analogous to that of aqueous reagents. 
Figure 2D shows that, despite the vigor- 
ous reaction involved in the discharge of 
the pigments during immersion in water, 
only the front plate of the gland has been 


observ^ed in the ruptured glands. Por- 
tions of gland walls consisting of several 
adjoined plates have the appearance of 
empty shells floating in the liquid of the 
mounting medium, and crushing them 
reveals no inner contents. Closer obser- 
vation of what at first appears to be a 
circular structure in the center of each 



removed, and the other plates have re- 
mained joined together as in the original 
intact gland. 


plate reveals it to be merely a thickened 
area which probably accounts for the 
curvature of the plates. The striations 


Fig. 3. — Emptied cottonseed pigment glands showing wall structure. X2S0. (Photomicrographs by 
M. L. Rollins.) 


On the basis of striations observed in reported by STANFOim and Viehoever 
sections of cottonseed pigment glands, (31) are readily observed in sections of 
previous investigators (31) have reported the glands (fig. 4), However, since ex- 
the existence of residual cell walls in the amination of a large number of cross sec- 
interior. The mechanical strength of the tions reveals no regular arrangement of 
glands and the tendency of the plates to the striations, it can be concluded that 
remain in position after the glands are they are merely fissures produced by me- 
emp tied, as well as the spasmodic nature chanical pressure on the gelatinous con- 
of the emptying process, also suggested tents of the glands, 
the existence of secondary or internal Chemical composition.-— Microchem- 
walls. During the present investigation, ical investigation of the nature of cleaned 
however, no internal structure could be and emptied glands yielded the results 
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reported in table i. Conclusions concern- 
ing the chemical nature of the constitu- 
ents of the walls were based on the prop- 
erties described by Haas and Hill (io). 

The absence of proteins was indicated 
by the failure of the emptied gland to 
react with Millon’s reagent; the absence 
of lignin and pentosans, by lack of reac- 
tion with phloroglucin and hydrochloric 
acid.^ 

Staining of the outer surface of water- 
washed gland walls with Sudan IV indi- 



Fig. 4. — Cross section of cottonseed pigment 
gland showing striations. X440- (Btiotomicrograph 
by T. L. W. Bailey and I. V. deGruy.) 


cated a coating which might be suberin, 
Gutin, or wax. Since the reaction with 
Sudan IV was not affected by prior 
washing of the glands with petroleum 
naphtha, it was concluded that little, if 
any, wax occurred in the coating. A 

^ Recent microchemical observations of the re- 
action of cottonseed with phloroglucin-hydro- 
chloric acid and other pentosan reagents (28, 29, 31) 
showed the reaction to be localized in the pigment 
glands. The present observation that pentosans or 
pentosan-like substances do not occur in the walls 
confirms the further observation (9) that these 
compounds constitute part of the gland contents. 


further indication of the presence of su- 
berin and cutin was the yellow stain ob- 
tained with concentrated potassium hy- 
droxide. A negative test with iodine-zinc 
chloride after heating showed that the 
compound was cutin rather than suberin. 

Emptied glands stained with Sudan IV 
were mottled in appearance. Observation 
of the distribution of Sudan IV applied to 
sections of emptied glands in seed sec- 
tions showed that cutin occurs as an un- 
even, continuous, outer coating of the 
glands. After the presence of cutin had 
been established by staining reactions, it 
was possible to obtain further informa- 
tion concerning its distribution on the 
gland walls. Microscopic examination of 
intact glands, without application of 
stains, showed a relatively thick trans- 
parent layer of material in the region of 
the centers of the plates composing the 
gland walls and a thin layer at the edges 
of the plates, so that the intact glands 
are very irregular in outline. In view of 
the previously described staining reac- 
tions, this thick layer is probably cutin. 

The cutin was completely removed 
from glands which had been immersed in 
alcoholic acetic acid for 24 hours and 
then in aqueous ammonium hydroxide 
for 24 hours. Thus, as with cutin in the 
skin of apples (23), it appears probable 
• that the cutin is not chemically combined 
with the other wall constituents but 
forms a separate layer or incrustation 
around the glands. 

The positive reactions obtained with 
diagnostic cellulose stains indicated that 
cellulose is the principal wall constituent, 
but the modified color observed sug- 
gested the presence of other substances. 
Treatment of the walls with ammoniacal 
cupric hydroxide resulted in their partial 
solution. However, the residual material 
retained the original configuration so 
that it had the appearance of ghosts'^ of 
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I the plates composing the walls. Conse- 

I quently, it was concluded that the cellu- 

j'l lose is impregnated with the materials 
I responsible for the modified colors ob- 

f tained with cellulose stains. 

Efforts to determine the nature of the 
material with which the cellulose was im- 
pregnated were not conclusive. The origi- 


sodium hydroxide, in which hemicellu- 
loses are soluble, the residual '^ghosts’*’ 
likewise gave a positive reaction with 
ruthenium red. Moreover, following suc- 
cessive treatments with dilute aqueous 
hydrochloric acid, ammonium hydroxide, 
and sodium hydroxide, to remove both 
pectin and hemicellulose, the “ghosts’’ 


I 

I 


TABLE 1 

Microchemical reactions of pigment gland wall 



Preparation of glands* 


Reagent 


Observation 


Conclusions 


Hexane washed before 
emptying 

Heated with cone, potas 
siuna hydroxide 


’ Alcoholic acetic acid; aque 
ous ammonium hydrox 
ide 


Ammoniacal cupric hy 
droxide 


Boiled in ammonium oxa^ 
late. 


Dilute sodium hydroxide 


Mill on’s reagent 
Phloroglucin and hydro- 
chloric acid 
Sudan IV 

Sudan IV 

Cone, potassium hydrox- 
ide 

Cone, potassium hydrox- 
ide; heat 

Iodine-zinc chloride 
Sudan IV 

Delafield’s haematoxylin 
Iodine green 

Iodine -potassium iodide 
Iodine-zinc chloride 
Congo red 

Ammoniacal cupric hy- 
droxide 

Ruthenium red 
0,5% ammonium oxa- 
late; heated 
Ruthenium red 
Iodine-zinc chloride 
Dilute sodium hydroxide 
/Ruthenium red 
\Iodine-zinc chloride 


No reaction 
No reaction 

Mottled red stain 

Mottled red stain 
Yellow stain 

Yellow stain 


Yellow stain 
No stain 
Purple stain 
Dark gray -green 
stain 

Yellow stain 
Yellow stain 
Yellow-orange stainj 
Partial solution 


Red stain 
Partial solution 

Red stain 
Yellow stain 
Partial solution 
Red stain 
Yellow stain 


Protein absent 

Lignin and pentosan absent 

Wax, cutin, or suberin present 

Cutin or suberin present 
Cutin or suberin present 

Cutin or suberin present 


Cutin present 
Cutin removed 
Cellulose present 
Impregnated cellulose present 

Impregnated cellulose present 
Impregnated cellulose present 
Impregnated cellulose present 
Cellulose and hemicellulose dis- 
solved 

Uronic acid derivatives present 
Pectin removed 

Uronic acid derivatives present 
Impregnated cellulose 
Hemicellulose present 
Uronic acid derivatives present 
Impregnated cellulose 


* The glands were first treated with water to empty them of pigments. 


nal water-washed glands, as well as those 
treated with cupric ammonium hydrox- 
ide, developed a red-purple color with 
ruthenium red which suggested the pres- 
ence of pectins, hemicelluloses (14), or 
other uronic acid derivatives. Boiling the 
walls in 0.5% ammonium oxalate to re- 
move pectins left “ghosts” which still 
stained with ruthenium red. After emp- 
tied glands had been treated with dilute 


of the plates still stained with ruthenium 
red. Thus it appears that very stable and 
insoluble uronic acid derivatives other 
than pectin and hemicellulose form part 
of the gland walls. The failure of the 
emptied glands to react with phloroglu- 
cin and hydrochloric acid demonstrates 
the unusual stability in the gland walls of 
the materials which stain with rutheni- 
um red. 
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Behavior of pigment glands 

TOWARD VARIOUS LIQUIDS 

111 a previous investigation (5) micro- 
scopic observations of the effect of a 
number of organic liquids on cottonseed 
pigment glands had shown the liquids to 
fall into two categories with respect to 
their activity toward the glands: those 
which had little or no effect even after 
24 hours of contact and those which 
caused the glands to lose their contents 
after contact for 24 hours or less. The 
“inert” group included hydrocarbons, 
such as ^-hexane, mineral oil, benzene, 
and tetralin; chlorinated hydrocarbons 
such as carbon tetrachloride, 1,1,2- 
trichloroethane, i,i ,2-trichlorethylene, 
1,1,2 , 2-tetrachloroe thane, and i , i , 2 , 2- 
tetrachlorethylene ; and triglycerides 
such as cottonseed oil. The '^active” 
group included polar liquids of low 
molecular weight, such as acetone, me- 
thyl ethyl ketone, 1,4-dioxane, diethyl 
ether, and chloroform. 

When mixtures of “inert” liquids were 
used for the mechanical separation of 
glands from other cottonseed tissue by 
the flotation process (5), the coloring 
observed in the liquid mixtures indicated 
some rupture of the glands. It was found 
that the number of glands ruptured could 
be greatly reduced by shortening the 
time of exposure to the liquids and by 
carrying out the separation at low tem- 
peratures. With the establishment of the 
existence and properties of the pigment 
gland wall, it seemed probable that fur- 
ther investigation might reveal the cause 
of the differences in the reaction of the 
glands toward various liquids. 

Closer observation of the effect of 
water on glands revealed that the reac- 
tion occurs in several successive stages. 
Immediately following contact with wa- 
ter the contents of the gland, which are 
originally perfectly clear, become cloudy 
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and lighter in color. Immediately there- 
after the pigments are expelled through 
one or more fissures between the plates 
in rapidly moving streams of finely divid- 
ed, suspended particles exhibiting lively 
Brownian movement. 

In view of the insolubility of the pig- 
ments in water, the preliminary clouding 
of the gland contents demonstrates that 
water enters the glands prior to the ex- 
pulsion of its contents. 

The explosiveness with which the 
glands empty suggests that rupture 
might occur as the result of pressure 
built up by the diffusion of water into 
the glands through the walls. However, 
the effects of various saturated aqueous 
solutions on the glands does not support 
this conclusion. The glands burst almost 
instantly upon contact with saturated 
aqueous solutions of dextrin, sucrose, glu- 
cose, urea, sodium chloride, ammonium 
sulfate, sodium acetate, and calcium 
chloride. Modification of the pH of the 
solutions by the addition of acid or base 
did not affect the speed with which the 
glands ruptured. They burst rapidly 
upon immersion in glycerine containing 
10% water. In pure glycerine they were 
not immediately affected, but each gland 
burst at several points after prolonged 
contact, and sluggishly moving streams 
of suspended material emanated from 
the surface of the gland. 

Microscopic observation of the behav- 
ior of the glands in various water-misci- 
ble anhydrous organic liquids revealed 
that all these liquids extract the pig- 
ments from the glands but that the reac- 
tion is very much slower than with water 
(table 2). After contact with anhydrous 
methanol, ethanol, acetone, methyl ethyl 
ketone, or 1,4-dioxanfe for an hour, the 
glands were completely emptied. The 
mechanism of the reaction could not be 
observed because of the solubility of the 
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pigments in these solvents. Isopropanol 
had very little effect on the glands even 
after prolonged contact. As shown in 
table 2, the glands rupture more rapidly 
upon contact with mixtures of these or- 
ganic liquids and water, and the speed 
of rupture increases in direct proportion 
to the amount of water contained in the 
mixture. It can be concluded that the 
gland walls are somewhat susceptible to 
the action of these polar organic mole- 
cules of low molecular weight but are 


much more susceptible to the action of 
water. 

In view of these observations, it 
seemed probable that organic liquids, 
such as chloroform and diethyl ether, 
were themselves incapable of aff'ecting 
the pigment glands; that their previously 
observed action resulted from the small 
amounts of water dissolved in them ; and, 
furthermore, that the slowness with 
which these liquids extract the pigments 
from the dands can be attributed to their 


TABLE 2 

Effect of solvents on cottonseed pigment glands 


Observed reaction of glands 


Methanol . 


Ethanol . 


Isopropanol . 


None ruptured; yellow extract darkening upon longer contact 
Small fraction ruptured after 15 minutes; very short purple streams* and 
yellow extract subsequently darkening 
Small fraction ruptured after 10 minutes; very slowly moving streams 
Most ruptured after 5 minutes; slowly moving streams 
Almost all ruptured immediately; rapidly moving streams 

None ruptured; yellow extract darkening upon longer contact 
Small fraction ruptured after 20 minutes; pale -yellow extract subsequently 
darkening 

Small fraction ruptured after 10 minutes; pale-yellow extract subsequently 
darkening 

Most ruptured after 2-3 minutes; very short sluggish streams; yellow ex- 
tract subsequently darkening 

Most immediately ruptured; -rapidly moving streams; yellow precipitate 

Most ruptured after 10 minutes; yellow extract darkening upon longer 

contact 1 j 1 • 

Most ruptured after 3-4 minutes; yellow extract subsequently darkening 
Most ruptured after 2-3 minutes; yellow extract with purple precipitate 
Most ruptured after 1—2 minutes; yellow extract with purple precipitate 
Most ruptured immediately; rapidly moving streams 

None ruptured; pale-yellow extract darkening upon longer contact 
Most ruptured after 4-5 minutes; pale-yellow extract subsequently darken 
ing , ■ 

Most ruptured after 2-3 minutes; very few streams 
Most ruptured almost immediately; rapidly moving streams 

None ruptured; pale-yellow extract darkening upon longer contact 
Very small fraction ruptured after 30 minutes; yellow extract subsequently 
darkening 

Small fraction ruptured after 8 minutes; yellow extract subsequently darken- 
ing 

Most ruptured after 4 minutes; yellow extract subsequently darkening 
Most ruptured after 2-3 minutes; yellow extract subsequently darkening 
Most ruptured immediately; rapidly moving streams 


* Streams designate dnely divided suspended particles in lively mation emanating from pigment glands. 
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slight water content. In confirmation of 
this hypothesis, it was found that, 
whereas undried ether or chloroform ex- 
tracts all the pigments^ from the glands 
after contact for 24 hours (3), under the 
same conditions ether or chloroform, 
previously dried over calcium chloride or 
sodium sulfate, extracts only a small 
fraction of the pigments from either 


can be detected in the is-day-old em- 
bryo, and by the i6th day the glands 
are as fully developed structurally as in 
the mature seed (27, 31). Prior to the 
formation of the pigment gland, a well- 
defined circle of cells marking the bound- 
ary of the developing gland can be noted. 
These cells have been assumed to consti- 
tute an integral part of the gland because 


dried, separated glands or dried, finely 
ground cottonseed. On the other hand, 
when dried glands are first macerated 
with sharp sand so that the walls are 
broken, the pigment contents are instant- 
ly soluble in either dry ether or dry 
chloroform. 

The action of commercial-grade or- 
ganic liquids, such as ether or chloro- 
form containing traces of moisture, may 
be postulated as follows: the water, be- 
cause of its low concentration in these 
solvents, ruptures the gland walls very 
slowly; the organic liquids enter the 
glands through the ruptures and dis- 
solve their contents; and the pigment 
solutions then slowly diffuse out of the 
glands through the ruptured walls. It 
was observed, in support of this view, 
that when glands were immersed in com- 
mercial-grade chloroform and the chloro- 
form was allowed to evaporate after 
several hours contact, many of the 
glands were still intact, but some were 
ruptured, with mixed crystals of the pig- 
ments emanating from the interiors 
through the ruptures in the walls. 

Formation and probable func- 
tion OF PIGMENT glands 

It has been reported that the first 
sign of the presence of pigment glands 

2 The gossypol content of the extracts was de- 
termined by means of the gossypol-antimony 
trichloride spectrophotometric method (3); and 
their gossypurpurin content was estimated on the 
basis of the height of the absorption band at 570 A 
characteristic of gossypurpurin (2). 


of their persistence in the mature seed 
(13, 27, 29, 31). It is evident that this 
cannot be true in view of the fact that 
intact glands separated from the seed 
are free of these cells. On the other hand, 
the formation of the water-sensitive 
gland wall in the moist surroundings of 
the developing seed might logically be 
attributed to the protective action of the 
encircling layer of cells, which always 
forms before the pigment gland develops 
and probably functions as a protective 
sheath (ii). 

Gossypol cannot be detected in the 
embryo until the isth-iSth days (7, 27). 
After its first appearance, its concentra- 
tion increases many fold and at a rate 
greater than that of any of the other 
components of the seed (7). The sequence 
of gland formation followed by synthesis 
of gossypol suggests that this very un- 
stable polyphenolic pigment cannot be 
formed until it is furnished with a pro- 
tected region for its development and 
that the subsequent rapid formation of 
gossypol within the gland is the result of 
the protective action of the gland walls. 

It has been reported that the pigments 
of dry seed undergo relatively little 
change during storage (25), whereas seed 
of high moisture content store less well 
than dry seed (16, 21, 30) and yield more 
deeply colored oils (19, 20). It seems 
probable that many of the transforma- 
tions occurring during the storage of 
moist seed can be attributed to the in- 
adequate protective action of the sheath 
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of cells surrounding the pigment glands. 
In the presence of excessive amounts of 
moisture, for example, when a thick seed 
section is treated with several drops of 
water, the gland contents gradually be- 
come cloudy, indicating the entrance of 
moisture through the surrounding tissue. 
Although no clouding can be observed in 
the glands of seed which have been stored 
at such high moisture levels as to exhibit 
significant color deterioration in the oil, 
it seems probable that moisture has en- 
tered the glands in amount sufficient to 
affect their contents. Furthermore, the 
observation that increased moisture ac- 
celerates the respiration rate of stored 
cottonseed (17, 20) suggests that the 
polyphenolic gland pigments, like other 
naturally occurring phenols (24), par- 
ticipate as respiratory intermediates in 
the metabolism of the seed. On the basis 
of these combined observations it seems 
probable that the deeper color of the oils 
obtained from seed stored at higher than 
at optimum moisture levels can be at- 
tributed to the more active participation 
of the gland pigments in the respiration 
of the seed, and their conversion thereby 
into deeply colored quinoid oxidation 
products. These reactions would produce 
an increased intensity of respiration and 
would result in increased color in the oil. 

Summary 

1. The cottonseed pigment gland has 
been shown to possess a rigid, thick wall 
inclosing a gelatinous suspension of the 
gland pigments. 

2. The gland wall consists of five to 
eight irregularly shaped, curved plates, 


which appear to be composed of cellulose 
impregnated with pectin, hemiceilulose, 
and other unidentified uronic acid deriv- 
atives. The glands are heavily incrusted 
with cutin. 

3. The pigment glands have been 
shown to be resistant to the action of 
most reagents except water and polar 
organic liquids of low molecular weight. 
Their reaction to water consists in the 
immediate rupture of the wall along one 
or more of the seams between the plates, 
followed by expulsion of the gland con- 
tents as finely divided suspended par- 
ticles. Water-miscible, polar organic 
liquids of low molecular weight affect 
the glands very much more slowly than 
water; and the extremely slow action of 
other organic liquids has been shown to 
be attributable to their slight moisture 
content. 

4. The existence of a highly resistant 
pigment gland wall has been proposed to 
explain the anomaly of the relative sta- 
bility of reactive polyphenolic pigments 
in cottonseed. The sensitivity of the 
glands to moisture has been proposed to 
explain various changes observed during 
maturation of cottonseed as well as 
changes which occur during the storage 
of moist cottonseed. 

The authors wish to express their ap- 
preciation of the generosity of W. R. 
Paden and J. Winston Neely in sup- 
plying the samples of cottonseed with 
which this investigation was carried out. 

Southern Regional Research Laboratory 
New Orleans, Louisiana 
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PHOTOMICROGRAPHIC COMPARISON OF MILKWEED BAST AND 
COTTON LINT IN RELATION TO CELL-W.ALL STRUCTURE 
OF OTHER NATURAL CELLULOSE FIBERS 

MARY L. ROLLINS'^ 


Introduction 

In competition with cotton in various 
phases of commercial utilization are the 
bast fibers of flax (Linum usitatisshmim ) , 
hemp {Cannabis saliva), jute {Chorchorus 
capsularis), and ramie {Boehmeria nivea). 
Numerous other bast fibers of minor 
commercial importance rose to promi- 
nence during the wartime fiber scarcity, 
and some new to commerce were pro- 
posed as substitute fibers. Among the 
latter the giant milkweed {Asclepias 
syriaca [15, 26]), said to have been used 
as cordage fiber by various primitive peo- 
ples, was suggested as suitable for ex- 
ploitation. 

In the course of preliminary micro- 
scopical investigations to determine the 
possibilities of the bast fiber of milkweed, 
the incidental observation was made of a 
surprisingly close parallel structure be- 
tween the seed hair of cotton and the 
bast fiber of the milkweed stem. As a 
consequence, the present investigation 
was undertaken to illustrate the morpho- 
logical similarity between this bast fiber 
and cotton as a basic principle of nature 
in the structural design of cell walls of 
the fibrous type. 

Accordingly, the two widely different 
types of fibers were compared under the 
microscope and copiously photographed. 
To facilitate the study of cell-wall struc- 
ture, specific swelling techniques, based 
on the solvation of cellulose in certain 

^Southern Regional Research Laboratory, Bu- 
reau of Agricultural and Industrial Chemistry, 
Agricultural Research Administration, U.S. Depart- 
ment of Agriculture. 


reagents, were applied. The milkweed 
fiber, having the advantage of being rela- 
tively large, with few cell-wall layers, 
lends itself particularly well to micro- 
scopic study and photomicrography of 
cell- wall details; and photomicrographs 
of this fiber are of considerable aid in the 
interpretation of the finer and more in- 
tricate structure of the seed hair of cot- 
ton which is less easily seen. 

Admittedly, none of the pictures rep- 
resents the true condition of fiber cell 
walls in the living plant, since the chemi- 
cal treatments necessary to induce suffi- 
cient swelling to reveal the inner fiber 
structure of the dead and desiccated cells 
undoubtedly alter their natural arrange- 
ment. That the fiber elements revealed 
in this investigation are not all artifacts, 
however, is supported by ample evidence 
scattered through the literature of a sim- 
ilar pattern of cell-wall structure existing 
in other cells of the fiber type, especially 
those that have gained commercial im- 
portance because of their natural 
strength. 

Review of literature 

The literature of fiber structure is 
voluminous, covering at least a hundred 
years of microscopical study. Extensive 
reviews of the early work were given by 
Van Iterson (34, 35), and a summary of 
the more recent investigations is found 
in chapter iii, C, of Cellulose and Cellu- 
lose Derivatives (29). This present paper 
is concerned chiefly with the review of 
the photographic record* 
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Strijctxjre oe cotton fiber 

The cotton fiber is a single-celled seed 
hair, growing out from an epidermal cell 
of the seed coat. Also arising from the 
seed coat, about 6 days after the true 
lint fibers have emerged, are short coarse 
fibers known as linters or fuzz fibers. 
These differ from the true lint fibers in 
that they vary in color, whereas the true 
lint is generally white. In addition, they 
are usually coarse and thick-walled and, 
when examined at a low magnification, 
are shown to have a number of twisted, 
enlarged abnormalities. Because of its 
commercial significance the cotton fiber 
has been the subject of the most exten- 
sive microscopical investigations, and 
considerable evidence has been gathered 
as to the mechanism of its growth and 
the details of both microscopic and sub- 
microscopic structure. 

Balls (7), in 1919, showed that con- 
centric layering becomes visible in the 
swollen walls of cotton fibers treated 
with sodium hydroxide and carbon bi- 
sulfide. It was found that there is only 
one thin primary layer while the hair is 
growing in length but that, as soon as 
thickening of the wall sets in, the num- 
ber of layers increases day by day up to 
a maximum of twenty-five when thicken- 
ing is complete. Balls thought that, 
since growth was arrested by sunshine in 
the middle of each day in Egypt, the 
number of these layers corresponded to 
the number of nights during which the 
growth in thickness of the cell wall had 
continued. These concentric layers were 
thus considered to be rings of nightly 
growth, differentiated by heterogeneity 
like the annual rings in timber. These 
rings are coarser, more sharply demar- 
cated, and less regular in fuzz hairs than 
in lint hairs, but the later rings in fuzz 
hairs may resemble those of lint hairs. 

Balls and Hancock (8), in 1921, found 


that every growth layer of the cell wall 
had a spiral structure and that the pat- 
tern of the spiral which appears to be pre- 
determined during growth in length is 
preserved through all the growth rings 
of the secondary-wall thickening. They 
advanced the further theory that the 
pattern (direction, reversal, and pitch) 
of these spirals seems to be the major de- 
terminant of the externally visible con- 
volutions of the hair. 

Denham (12), in 1922, followed this 
work further, indicating that, in stria- 
tions which occur in all parts of the hair 
and in all layers of the wall, the direction 
followed is not always the same in super- 
imposed layers. He corroborated Balls’s 
idea that the convolutions follow the di- 
rection of the primary- wall striations and 
stated that the cause of the convolutions 
is a double spiral line of weakness. Excel- 
lent photomicrographs were shown of the 
so-called “slip planes” in the external 
layer of the fiber. 

In 1937 Kerr (20) investigated the 
structure of growth rings in the second- 
ary wall of the cotton hair. In contradic- 
tion to Balls and Hancock, who had 
pictured each growth ring as a separate 
cylinder or shell of cellulose, Kerr con- 
cluded that the secondary wall is a com- 
plex and coherent matrix and that the 
appearance of layering in swollen fibers 
results from a structural differentiation 
of the cellulose into alternating bands of 
compact, strongly birefringent zones 
with more porous, comparatively iso- 
tropic lamellae. He found also that dur- 
ing the period of secondary- wall deposi- 
tion two lamellae, one compact and one 
more porous, are deposited every 24 
hours, and that these two lamellae con- 
stitute a daily growth ring. From micro- 
scopical observations in which stains 
were used, it was assumed that compact 
zones of growth rings are deposited dur- 
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ing the day and the porous zones at 
night. Evidence was offered that varia- 
tions in density are correlated with fluc- 
tuation in temperature, the more porous 
areas being deposited in periods when the 
temperature dropped below 20° C. 

The following year (1938) Anderson 
and Kerr (4) showed, in work reported 
on cotton fibers in various stages of de- 
velopment, that the cell diameter is 
reached soon after the hair originates 
but that elongation continues for from 
15 to 20 days. Their conclusions as to 
fiber structure of the seed hair of cotton 
were summed up as follows: 

The cell wall is composed of 

1. A primary wail containing cellulose and 
pectic substances. 

The cellulose micelles in this wall are grouped 
into delicate anastomosing threads which have 
at least two systems of orientations: 

(a) a flat right-hand spiral, (b) a flat left- 
hand spiral and probably also (c) a trans- 
verse position. All three systems seem uni- 
form over the entire surface of the fiber cell. 

2. A secondary wall composed of many la- 
mellae of cellulose. The lamellae are not sepa- 
rated from one another by noncellulosic sub- 
stances but represent dense and less dense 
areas of cellulose. The layers are formed of 
systems of spirally wound branching threads 
and the direction of the spiral is reversed at 
frequent intervals. 

3. Frequently the pattern of spirals first 
appearing in the secondary wall is not similar 
to that in subsequent layers of the wall. Most 
of the layers of the wall, however, follow a 
pattern that is established soon after secondary 
thickening has begun.=* 

In 1941 Hock, Ramsay, and Harris 
(18) corroborated much of the previous 
work of Anderson and Kerr. They 
found the cell wall of cotton fiber to con- 
sist of a primary and secondary wall. 
The latter comprises the bulk of the fiber 
and is made up of innumerable spirally 
oriented cellulose fibrils inclosed by a 


=* Quoted with the permission of the copyright 
owner, the American Chemical Society. 


winding which also makes a spiral, but 
in the opposite direction from the former. 
Both winding and fibrils reverse their di- 
rection at frequent intervals along the 
axis of the fiber, their points of reversal 
being coincident. The secondary wall is 
inclosed by a thin primary wall made up 
of fine crisscrossing strands of cellulose, 
imbedded in a membrane consisting 
principally of wax and pectic substance. 
They stated that, w^hen cotton fibers are 
swollen under certain conditions, a lamel- 
late structure is discernible in the second- 
ary wall and that the number of these 
lamellae increases with the age of the 
fiber. 

In 1946 Kerr (21) published photo- 
micrographs to show the distinction be- 
tween the primary-wall membrane and 
the first (^Vinding’O layer of the second- 
ary wall in undried mature fibers. He 
stated that in swelling both layers be- 
have so as to restrict the expansion of the 
cell-wall thickening. 

Structure oe fibers other 
than cotton 

Among the bast fibers which have 
been investigated microscopical^ for 
structure, flax has received the most in- 
tensive study. In 1922 Nodder (27) pub- 
lished an account which included draw- 
ings of the microscopical features of flax, 
jute, and hemp and photomicrographs of 
flax, ramie, and hemp. The fibers had 
previously been swelled with strong solu- 
tions of calcium chloride and disinte- 
grated by pressure on the cover slip of 
the slide. The concentric layering of the 
walls of these fibers and the spiral ar- 
rangement of ^'fibrils” of which they are 
composed were clearly shown. 

Anderson (3), in 1927? studied flax 
fibers by swelling in 50% sulfuric acid 
and iodine, and the internal structures 
were made visible by pressure on the 
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coverslip. His photomicrographs show, 
first, that ballooning occurs in the early 
stages of the swelling because of con- 
striction owing to failure of the outer 
sheath to swell; second, that the various 
lamellae of the wall may be slipped from 
one another; and, third, that the outer 
sheath appears to be made of rather wide 
spirals. In speaking of the layers of the 
cell wall, Anderson rejected the concep- 
tion that the dark lines between the lay- 
ers are made of actual material but stat- 
ed that these lines merely mark the 
boundaries between successive lamellae. 

In 1942 Hock (17), in a paper on the 
microscopic structure of flax as com- 
pared with the other bast fibers, present- 
ed photomicrographs of cross sections 
and longitudinal views of the fibers 
swollen in cuprammonium hydroxide to 
show the lamellate nature of the cell 
wall, the spiral nature of fibrillae, and 
the ^^ballooning” resulting from con- 
strictions of the outermost layers of 
fibrillae. He stated that the fibrillae of 
the outermost layer of the secondary 
wall spiral in a direction opposite from 
that of the fibrillae in all the other layers 
of the secondary wall. He attributed to 
ramie and flax an identical fibrillate 
structure, namely, an S twist on all lay- 
ers except the outermost layer, the fi- 
brils of which have a Z twist. In hemp 
and jute, on the other hand, he found 
that, although the fibrils of the outer- 
most layer have the Z twist, the fibrils of 
the inner layers lie almost parallel to the 
axis of the fiber. His photomicrographs 
of flax fibers show concentric rings in 
swollen cross sections, parallel lamellae 
in longitudinal view, the actual separa- 
tion of wall layers by excessive swelling, 
and the ballooning caused by constric- 
tions of the unswollen outer wall. 

Structures similar to those shown in 
cotton and flax have been demonstrated 


in various wood pulps by swelling of both 
lignified and purified fibers. Ritter (31, 
32), by alternate treatment with phos- 
phoric acid and alcohol, has demonstrat- 
ed balloons, cell- wall lamellae, and a 
banded outer sheath in elm and similar 
structures in delignified spruce fibers 
(30). His photographs of this phenome- 
non are similar to those shown by both 
Nodder. and Hock for flax. Ritter 
stated further than the outer layer of the 
wood fiber is actually composed of tiny 
threadlike structures which may be un- 
wound. When this layer has been dis- 
solved, an extreme transverse swelling 
of the inclosed layers of the wall occurs, 
and balloon-like structures are formed. 
He pointed out that such a contrast in 
the behavior of the two kinds of wall 
layers strongly suggests a difference in 
structure. 

Similar structures were demonstrated 
by both Aldaba (i) and Nodder (27) for 
ramie and by Bailey and Kerr (6) for 
the tropical species Olmediella betschleri- 
ana and Pandanus odoratissimus. 

Ludtke (23) also showed balloons in 
lignified pine-wood tracheids which were 
indistinguishable from similar balloon 
structures in cotton fibers, and Bixler 
( 9) presented photomicrographs of 
spruce-wood fibers taken from paper 
pulp, which, when swelled with cupram- 
monium hydroxide, give ballooning. 

The concentric rings of cell- wall layers 
in swollen cross sections of fibers were 
shown by Bailey (5) for pine and larch 
in a delignified fiber swollen in dilute 
cuprammonium hydroxide and also for 
a lignified larch fiber swollen with 75% 
sulfuric acid. Typical ballooning, parallel 
layers of the cell wall, and a wrinkled 
lumen wall were demonstrated by Hock 
and Seieriz (19) for purified paper fibers 
(presumably spruce wood) treated with 
85% phosphoric acid. Nakashima (25) 
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has shown similar ballooning for cot- 
ton, Manila hemp, and wood-pulp fibers 
swelled in cuprammonium hydroxide. 

Carpenter and Lewis (io), working 
on fibers from paper pulp, followed the 
changes in the structure of wood fibers 
as the result of cooking and bleaching op- 
erations. Photomicrographs of the typi- 
cal wall pattern of “outer sheath’’ and 
balloons were presented for aspen, 
spruce, and jack-pine fibers. The only 
previous work reported on the cell-wall 
details of milkweed bast is that of Dip- 
pel (13), which contains no photographs. 
He included line drawings which are cor- 
roborated by the photomicrographs ac- 
companying the present report. 

Material and methods 

The milkweed fibers were from the 
pericycle of unretted stems of the giant 
milkweed {A. syriaca) from which they 
were separated by boiling in water and in 
3% sodium h5^ochlorite. They were ex- 
amined both in the raw and in the 
bleached condition. 

The cottons examined contained sam- 
ples from all three of the main categories 
of typical commercial growths — Asiatic 
(Gossypium herbaceum), Upland (G. Mr- 
suturn), and Sea Island (G. barbadense)— 
and included both lint and fuzz fibers. 

The milkweed and cotton fibers were 
studied by swelling with such reagents as 
concentrated sulfuric acid, phosphoric 
acid, trimethylbenzyl-ammonium hy- 
droxide, or cuprammonium hydroxide. 
The most satisfactory was found to be 
cuprammonium hydroxide of the com- 
position specified by the Committee on 
Viscosity of Cellulose of the American 
Chemical Society (2) (30 gm. of copper 
and 165 gm. of ammonia per liter), di- 
luted to about one-third strength. The 
fibers were stained, then mounted in 


water, and the swelling agent drawn un- 
der the cover slip by means of filter-paper 
wicks. If swelling proceeded too rapidly, 
the action was checked by dilute alcohol 
or alcohol-acetic acid. 

No set schedule of histological pro- 
cedures can be stipulated, since fibers of 
different degrees of maturity react dif- 
ferently. The strength of the reagents is 
determined empirically; during swelling 
they may be diluted by the addition of 
ammonia to avoid loss of the specimen 
through solvation. Care and patience in 
manipulation of the swelling agent to in- 
duce separation of the fiber elements 
without distortion or rupture are re- 
quired. 

Because of the transparency of the 
swollen fiber, much of the visible struc- 
ture is difficult to photograph; and stain- 
ing, therefore, was used to demonstrate 
the different structures. The stains used 
for bringing out the primary and lumen 
walls as distinct from the layers of cell 
wall which make up the bulk of the fiber 
were ruthenium red, methylene blue, 
Congo red, or safranin. In the secondary 
wall layers staining was of no avail. In 
many fibers the lumen membrane takes 
the same stains as does the outer sheath; 
and the protoplasmic residue, when pres- 
ent, is made conspicuous by its affinity 
for these dyes. However, no specific in- 
formation as to chemical composition of 
the different cell-wall layers is gained 
from staining. 

In addition to raw fibers swelled with 
cuprammonium hydroxide, fibers were 
also examined from samples which had 
been pretreated by oxidation with nitro- 
gen dioxide gas or by purification to 
a-cellulose by boiling with sodium hy- 
droxide. These chemical treatments 
served to render the cell- wall elements 
more readily susceptible to swelling re- 
actions, making it possible to see certain 
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of the structures more clearly than in the 
untreated fibers. 

Discussion 

In the individual bast fiber of milk- 
weed the single cell is roughly cigar- 
shaped with round-pointed ends and, in 
the desiccated stem, has become col- 
lapsed and wrinkled at many points 
along the fiber length (fig. i). The fibers 
range from 15 to 50 mm. in length and 
from 12 to 30 /X in width, tapering to i or 
2 fx at the points. The seed hairs of cot- 
ton (fig. 2) are much more convoluted 
and considerably finer in diameter, rang- 
ing from 9 to 24 /X in diameter and from 
20 to 50 mm. in length, depending on the 
variety of cotton. There seems to be no 
outstanding difference in gross structural 
design between cottons of different vari- 
eties or growths or between lint and fuzz 
fibers. 

Ballooning 

When swelled in cuprammonium hy- 
droxide, both milkweed and cotton fibers 
expand rapidly and burst open, the pres- 
sure exerted by the cellulose of the swell- 
ing wall being great enough to rupture 
the outer sheath of the fiber. This outer- 
most layer is a thin transparent mem- 
brane which, when broken, often rolls up 
on itself to form tight strings or floats off 
in large flakes (figs. 3, 4). The rapidly 
swelling cellulose of the layers of the 
secondary wall forces itself through the 
ruptured areas of the primary wall but is 
prevented from complete swelling by the 
unbroken portions which form constrict- 
ing bands. Most frequently the outer 
sheath breaks at rather regularly spaced 
intervals, and the consequent swelling of 
the inner cellulose into ^^balloons” (fig. 6) 
accounts for the “beading’^ or “pearling” 
figures commonly reported in cotton lit- 
erature. Similar photographs have been 
published for flax by Hock (17), for 


spruce and aspen by Carpenter and 
Lewis (10), and for Manila hemp by 
Nakashima (25). In the balloons of 
milkweed bast (fig. 5) may be seen also 
the distinct layers of the secondary wall 
which were inclosed by the outer sheath, 
and their twisted condition at the con- 
strictions is some evidence of the inde- 
pendent action of each individual layer. 

In raw cotton the wall layers are so nu- 
merous and so closely packed that they 
are seldom observed inside the balloons 
(fig. 6) but may be plainly seen in later 
stages, of the swelling, as in the fuzz fiber 
of figure 4. Although the number of lay- 
ers in the secondary wall of the milk- 
weed bast appears to be only five or six, 
a cotton fiber may have as many as 
twenty-five (fig. 7), depending on the age 
in days of growth. Pretreatment of the 
fibers with gaseous nitrogen dioxide (33), 
followed by swelling with cuprammo- 
nium hydroxide, demonstrated the layer- 
ing of the secondary wall and a spiraling 
rupture of the outer sheath (figs. 8, 9). 
The large number of layers in the cotton 
fiber and their swelling almost to the 
point of fusion before they can be dis- 
cerned as distinct layers are contrasted 
with the fewer number of readily sepa- 
rable layers in the milkweed fiber. Also 
seen in these figures are the spiral wrap- 
ping in both fibers, into which the outer 
sheath splits, and the prominent lumen 
at the center of the cotton fiber brought 
out by staining with methylene blue. 

That the outer sheath of the fiber is 
somewhat elastic is indicated by its roll- 
ing-back upon itself when ruptured (figs. 
10, ii). A comparative estimate of the 
extent of swelling of the outer sheath and 
of the inner cellulose layers shows that 
“magnification” of the inner walls re- 
sulting from swelling in cuprammonium 
hydroxide solution is in this case approx- 
imately eight times. Again the dark-stain- 
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ing residue in the lumen of the cotton 
fiber (fig. ii) is prominent. It is signifi- 
cant that these photographs are similar 
to those published previously for cotton 
(7, 14, 16), spruce (9), elm (31), and an 
unidentified wood-pulp fiber (19). 

Separation of the wall layers is plainly 
shown in the tips of fibers swollen in 
cuprammonium hydroxide (figs. 12, 13). 
The tips of individual layers may be seen 
telescoped one inside the other like a 


nest of thimbles. In the cotton fiber may 
be seen a fragment of the outer sheath 
tip which formerly inclosed all these lay- 
ers of the secondary wall; and the large 
lumen with its heavy residue is even 
more strikingly prominent. Such photo- 
graphs as these are difficult to explain by 
Kerris theory of the ^^alternating bands 
of compact and porous cellulose forming 
a coherent matrix.” It is, of course, pos- 
sible that the porous cellulose which 
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joined these layers (20) has been dis- moniura hydroxide. The oxidized second- 
solved by the swelling agent. On the ary wall has fused so that no lamellate 
Other hand, the photographs appear to structure is discernible, but the more re- 
support the theory of Aldaba (i), who, sistant lumen wall has not yet swelled 
in his work on flax and ramie, found the enough to unwrinkle the shriveled mem- 
cell wall to be formed by a series of tele- brane of which it is composed, 
scoping tubular membranes which grad- Figure 18 shows swollen cross sections 
ually become transformed into cell-wall of a group of milkweed bast fibers, re- 
lamellae. Figures 14 and 15 show por- markably similar to the cross section of 


Figs. 5-7. — Ballooning of swollen fibers caused by constrictions of unbroken outer sheath. Fig. 5, milk- 
weed bast; note twisted and wrinkled condition of inner layers of secondary wall at constrictions. Figs. 0, 7, 
cotton lint. 


tions of milkweed and cotton fuzz fibers, 
respectively, where the wall layers seem 
to be discrete. 

Lumen wall , 

The layer lining the lumen often be- 
haves differently from the other wall 
layers. It resists swelling and frequently 
stains similarly to the outer sheath of the 
fiber. The fibers shown in figures 16 and 
17 had been pretreated with nitrogen 
dioxide gas before swelling with cupram- 


an onion. Although fibers of many dif- 
ferent ages are represented, some of 
which were cut near the tip and others at 
the widest portion of the fiber, it is obvi- 
ous that the maximum number of layers 
in any fiber is seven. Figure 19 shows 
a cotton fiber cross section similarly 
swelled to show the numerous fine wall 
layers in the secondary wall. Further 
photomicrographic evidence of these 
characteristic lamellae was presented by 
Kerr (ao) for cotton, by Bailey (6) for 
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larch and pine, and by Hock (17) for 
flax. 

Outer sheath 

Figures 20 and 21 show a single milk- 
weed bast fiber swollen in cuprammon- 
ium hydroxide and photographed at two 
different levels of focus. In figure 20 may 
be seen the inner wall layers inclosed 



Figs. 8-9. — Chemically treated fibers swollen 
to show spiral winding of outer sheath inclosing 
lamellae of secondary wall. Fig. 8, milkweed bast. 
Fig. 9, cotton lint. 

within the outer sheath or primary wall. 
Figure 21 shows the top surface of the 
outer sheath and indicates that it has a 
definite structure of spiral bands. It is 
not clear whether the banding is the ac- 
tual pattern of the outermost sheath or 
whether it is a pattern induced in the 
continuous outer membrane by a spiral 


structure beneath it, which, though sepa- 
rate, swells enough to cause its rupture in 
a spiral manner. As one follows the course 
of the spiral, it would appear that it 
winds in a double ribbon to cover the 
surface of the fiber. 

Figures 22, 23, and 24 show spiral 
bandings in the outer sheath of cotton 
lint fibers which resemble the structure 
for milkweed bast (figs. 20, 21). Evidence 
that these bands are not chemically in- 
duced artifacts is given by photomicro- 
graphs of similar structures in pine fibers 
by Carpenter and Lewis (10), in cotton 
by Denham (12), Lawrie (22), Clegg 
(ii), and Osborne (28), in flax by Non- 
der (27), and in spruce by Ritter (32). 

Recently Mitchell (24), in a paper 
on the nitrated cellulosic constituents of 
wood, has published photomicrographs 
of cell-wall “lignin residues” produced in 
the swelling of nitrated wood fibers with 
ethyl acetate which show the same 
spiraling pattern of double bands. 

It has not been determined whether 
the spiral banding apparent in figures 
22-24 is a structure of the outer sheath 
of the fiber or is a pattern in the primary 
wall caused by the swelling of a spirally 
wrapped thread just beneath it. It would 
appear from figure 23, however, that the 
spiral band is a pattern of the outer 
sheath itself . This unusual view of a cot- 
ton fiber was obtained by oxidation of 
the fiber in nitrogen dioxide gas for the 
excessively long treatment of 74 hours, 
after which the major part of the fiber 
was readily dissolved in dilute cupram- 
monium hydroxide, while an outer por- 
tion remained more or less intact as a 
solid shell. Evidently the prolonged 
treatment so deteriorated the cellulose 
of the secondary wall that it exerted no 
swelling pressure to rupture the fiber 
sheath. On the other hand, in the un- 



was so great as to rupture the primary sheath pared away to disclose the trans- f 


sheath longitudinally rather than in parent swollen cellulose of the secondary 
spirals. wall in parallel lamellae on either side of 

In milkweed the spiral banding is more the lumen, 
plainly shown in figure 25, in which three Although in dried cotton it has not 
of the inner layers of the fiber have es- been possible to photograph the spiral 
caped through a rupture in the outer direction of the finer structural elements 
sheath to leave the spiraled tip an empty of which each lamella is composed (cf. 
shell. Anderson and Kerr [4]), figure 27 



Figs, io-ii.— F ibers swollen to show lamellae issuing from inclosing primary sheath. Fig. lo, milk- 
weed bast. Fig. II, cotton fuzz fiber. Note rolled sheath at base of swollen portion. 


Although it has not been possible to 
photograph for cotton, as was done for 
milkweed (figs. 21, 25), the lamellae in- 
closed within the spiraling outer sheath, 
it is evident from figures 22-24 that a 
similar structural design exists for both 
t3rpes of fibers. In figure 24 the unswelled 
portion of the cotton fiber protected by 
the primary sheath is stained with 
methylene blue, and the broken sheath 
can be seen separating into a spiral 
wrapping. 


shows the fine spiral threads in a wall 
layer of a milkweed bast fiber lying at 
angle to the fiber axis. Kerr (21) has re- 
cently photographed this same phenome- 
non in mature but undried cotton fibers 
from a green boll. It must be assumed 
that refractive indices in dried cotton 
fibers are so changed that photographic 
evidence is extremely difiicult to obtain 
or that swelling obscures this fine struc- 
ture by fusing the fibrils into a solid mass. 
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technically seed hairs and morphologi- 
cally parallel to cotton, did not respond 
to swelling solutions in the typical man- 
ner described in this paper. This was un- 
doubtedly because they lack sufficient 
layers of cellulose to produce swelling 
pressures great enough to rupture the 
outer wall. The presence of waterproofing 
materials deposited in the outer sheath 



Figs. 12-13. — Closed tapered tips of swollen 
fibers. Fig. 12, milkweed bast. Fig. 13, cotton fuzz 
fiber. Note cell-wall layers emerging from ruptured 
primary sheath. 

was also a contributing factor, though 
milkweed floss fibers from which the wax 
had been extracted failed to swell in 
cuprammonium hydroxide. 

Summary 

I. The similarity between two widely 
different types of fibers such as milkweed 


bast and seed hair of cotton illustrates a 
basic principle of nature in the structural 
design of cell walls of the fibrous type. 

2. The photomicrographs here pre- 
sented support in general the findings of 
other workers in the field of microscopi- 
cal cell-wall structure. It is established 
that the cell wall consists of (a) an outer 
sheath, which is hardly capable of any 
appreciable swelling; (6) a many-layered 
cellulose wall which may be swelled ten 
to twenty times its original size before 
solvation; and (c) an inner canal inclosed 
by a lumen wall which in its reactions is 
more like the outer membrane of the 
fiber than it is like the secondary-wall 
layers. The fiber sheath appears to have 
a banded structure when not ruptured 
by swelling of the cellulose beneath it. 
In addition to confirming previous ob- 
servations, these photomicrographs indi- 
cate that the cell- wall layers of the sec- 
ondary wall in both seed hairs of cotton 
and milkweed bast fibers are discrete 
membranes, readily separable one from 
the other by swelling reagents. The pho- 
tomicrographs further serve to co-ordi- 
nate information acquired by various in- 
vestigators working on individual fibers 
from diverse natural sources. 

3. Although no spiral structure was 
observed in any layer of the secondary 
wall of cotton, it is probable that the 
spiraling fibrils are so fine as to be fused 
by the swelling action or are rendered 
indistinguishable by their refractive in- 
dex. Spiral fibrils were photographed in a 
layer of the secondary cell wall in a ni- 
trogen dioxide-treated milkweed fiber 
after swelling in cuprammonium hy- 
droxide. 

The author wishes to express her ap- 
preciation for the interest and advice of 
Mr. T. L. W. Bailey, Jr., in the details 
of the microscopical work; and for the 









Figs. 14-17. — Fibers swollen to show layers of secondary w'all and convoluted lumen. Fig. 14, 
treated milkweed bast. Fig. 15, cotton fuzz fiber. Fig. 16, chemically treated milkweed bast. Fig. 
cally treated cotton lint. 


Figs. 18-19.— Swollen cross sections of fibers showing layers of secondary wall. Fig. 18, milkweed bast 
fibers. Fig. 19, cotton lint. 






Figs. 20-24. — Fibers swollen to show banding in outer sheath. Figs. 20, 21 , milkweed bast with focus 
at center and top planes, respectively. Figs. 22, 23, 24, chemically treated cotton lint. Fig. 22, focus at top 
plane. Fig. 23, residue after solvation of fiber. Fig. 24, uneven rupturing of outer sheath into spirals. 


Figs. 25-27. — Chemically treated fibers swollen to show inner structure. Fig. 25, milkweed bast. Note 
inner layers released from ruptured spiral sheath. Fig. 26, cotton lint. Note lamellae disclosed by peeling 
back of ruptured sheath. Fig. 27, milkweed bast. Note fibrillar structure of cell-wall layer beneath broken 
spiral of outer sheath. 





I 


ROLLINS— CELLULOSE FIBERS 


509 


assistance of Miss Ines V. de Gruy in 
photomicrography and in the prepara- 
tion of the manuscript. Acknowledgment 
is also due Dr. R. E. Reeves and his co- 


workers for the nitrogen dio.Yide treat- 
ment of the fibers. 

Southern Regional Research Laboratory 
New Orleans, Louisiana 


LITERATURE CITED 


1. Aldaba, V. C. The structure and development 
of the cell wall in plants. I. Bast fibers of 
Boelmeria and Limm, Amer. Jour. Bot. 14: 
i6“24. 1927. 

2. American Chemical Society Committee on 
THE Viscosity of Cellulose. A standard meth- 
od for determining the viscosity of cellulose in 
cuprammonium hydroxide. Ind. Eng. Chem. 
(Anal. Ed.) i:49"Si. 1929. 

3. Anderson, D. B. A microchemical study of the 
structure and development of flax fibers. Amer. 
Jour. Bot. 14:187-210. 1927. 

4. Anderson, D. B., and Kerr, Thomas. Growth 
and structure of cotton fiber. Ind. Eng. Chem. 
30:48-54. 1938. 

5. Bailey, I. W. Cell wall structure of higher 
plants. Ind. Eng. Chem. 30:40-47. 1938. 

6 . Bailey, I, W., and Kerr, Thomas. The visible 
structure of the secondary wall and its signifi- 
cance in physical and chemical investigations 
of tracheary cells and fibers. Jour. Arnold 
Arboretum 16:273-300. 1935. 

7. Balls, W. L. The existence of daily growth- 
rings in the cell wail of cotton hairs. Proc. Roy. 
Soc. (London), Ser. B, 90:542-555. 1919. 

8. Balls, W, L., and Hancock, H. A. Cutting 
sections of cotton hairs. Nature 107:361, 1921. 

9. Bixler, A. L. M. Effect of digestion on wood 
structure. Paper Trade Jour. 107(15) : 29-40. 
1938. 

10. Carpenter, C. H., and Lewis, H. F. Changes 
in the structure of w'ood fibers during cooking 
and bleaching. Paper Trade Jour. 99(3)i37“42* 
1934 - 

ir. Clegg, G. G. The examination of damaged cot- 
ton by the congo red test: further developments 
and applications. Jour. Text. Inst. 3i:T49-68. 
1940. 

12. Denham, H. J. The structure of the cotton hair 
and its botanical aspects. II. The morphology 
of the wall. Jour. Text. Inst. i4:T86-ii3. 1923. 

13. Dippel, Leopold. Das Mikroskop und seine 
Anwendungen. Anwendung des Mikroskopes 
auf die Histologie der Gewachse, Vol. 2, 2d ed. 
Braunschweig. 1898. 

14. Farr, Wanda K. Behavior of the cell membrane 
of the cotton fiber in cuprammonium hydroxide 
solution. Contrib. Boyce Thompson Inst. 10:71- 
112.1938. 

15. Hanson, H. B. Structure, properties, and prepa- 


ration of certain bast fibers. Iowa State College 
Jour. Sci. 20:365-383. 1946. 

16. Hock, C. W. Microscopic structure of the cell 
wail. Pp. 1 1-2 1 m The structure of protoplasm. 
A monograph of the xVmerican Society of Plant 
Physiologists. Iowa State College Press, Ames, 
Iowa. 1942. 

17. . Microscopic structure of flax and related 

bast fibers. Jour. Res. Nat. Bur. Stand. 29:41- 
50. 1942. 

18. Hock, C. W.; Ramsay, R. C.; and Harris, M. 
Microscopic structure of the cotton fiber. Jour. 
Res. Nat. Bur. Stand. 26:93-104. 1941. 

19. Hock, C. W., and Seifrix, W. Microdissection 
of paper pulp fibers. Paper Trade Jour. 110(5) : 
31-32, 1940. 

20. Kerr, Thomas. The structure of the growth 
rings in the secondary wall of the cotton hair. 
Protoplasma 27:229-241. 1937. 

21. . The outer wall of the cotton fiber and 

its influence on fiber properties. Text. Res. 
Jour. 15:249-254. 1946. 

22. Lawrie, L. G. The microscopical investigation 
of textile fibers and fabrics. Jour. Text. Inst. 
2o:P99-io5. 1929. 

23. LtJDTKE, M. Bau der Pflanzenzellwand und 
dadurch bedingte Erscheinungen. Zellst. u. 
Pap. 15:273-276, 320-323. 1935. 

24. Mitchell, R. L. Chain length measurements 
on nitrated celluiosic constituents of wood. Ind. 
Eng. Chem. 38:843-850. 1946. 

25. Nakashima, T. Viscose. XKVI. Sw^elling of 
cellulose in sodium hydroxide solutions. Cellu- 
lose Ind. (Japan) 5:199-202. 1929. 

26. Nelson, E. G., and Dexter, S, T. Fiber from 
the stems of common and swamp milkweeds. 
Michigan Quart. Bull. 28:20-26. 1945. 

27. Nodder, C. R. A study of flax and kindred 
fibres. I. Some observations on the behaviour 
and structure of textile fibres, with an account of 
a convenient method of distinguishing flax from 
hemp. Jour. Text. Inst. 13:161-171. 1922. 

28. Osborne, G. G. Micro-analysis of textile fibres. 
Part III. Observations on the structure of cot- 
ton. Text, Res. 5:307~325- 1935* 

29. Ott, Emil (ed.). Cellulose and cellulose deriva- 
tives. Interscience Publishers, Inc., New York. 
X943* 

30. Ritter, G. J. Wood fibers. Jour. Forestry 
28:533-541. 1930. 


j 


' ''I'f 

IBS 



f 



510 BOTANICAL GAZETTE [june 


31. Ritter, G. J. Structure of the cell wall of wood 
fibers. Paper Ind. 16:178-183. 1934. 

32. . The morphology of cellulose fibers as 

related to the manufacture of paper. Paper 
Trade Jour. 101(18): 92-100. 1935. 

33. Rollins, M. L. Applications of nitrogen dioxide 
treatment to the microscopy of fiber cell wall 
structure. Text. Res. Jour. 15:65-77. 1945. 


34. Van Iterson, G., Jr. The development of 
plant cell-wall. (Translated by Marie P. Lohnis 
and Eloise Gerry.) Ghem. Weekblad 24: 
166-187. 1927. 

35^ , Biologische inleiding tot het cellulose- 

symposium [“Biological introduction to the 
cellulose symposium”]. Chem. Weekblad 30: 

2-19* 1933* 



PERSISTENCE OF 2 , 4 -DICFILOROPHENOXYACETIC ACID 
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ORGANIC MATTER, AND LIME^ 
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Introduction 

The increasing use of 2,4-dichloro- 
phenoxyacetic acid (2,4-D) in spray ap- 
plications to plants for various purposes 
and the possibilities in expanding its use 
to include direct treatment of soil neces- 
sitate the investigation of its possible ef- 
fects upon and persistence in soils of 
diverse types in relation to various man- 
agement practices. Experiments reported 
upon to date (i, 4, 5, 6, 7, 8, ii, 12) indi- 
cate that the length of persistence in soil 
of the toxic effects to higher plants varies 
with soil type and management as well as 
with the amount applied, the method of 
application, and the kind of plant. 

The present experiment was devised to 
secure additional data on the persistence 
of activity of 2,4-D in one soil in relation 
to its content of water, organic matter, 
and lime. It was carried on in the Uni- 
versity of Chicago greenhouses from 
March 27 to August 31, 1946. 

Material and methods 

Heavy black loam from northern Illi- 
nois was mixed with coarse sand in the 

^ This work was aided in part by a grant from the 
Dr. Wallace C. and Clara A. Abbott Memorial 
Fund of the University of Chicago. 


proportion of 3 : i by volume. Approxi- 
mately 1440 pounds of the mixture were 
divided into six lots, two of which were 
allowed to become air-dry; the other four 
lots were kept moist. Prior to drying, 
partially decomposed leaf mold was add- 
ed to one of the lots to be air-dried and 
to two of the moist lots in the ratio of i : 3 
by volume. Lime (CaC03), at the rate of 
I lb. to 500 lb. of soil, was mixed with two 
of the four moist lots on March 27. The 
six lots thus included: dry soil; dry soil + 
leaf mold; moist soil; moist soil + leaf 
mold; moist soil + lime; and moist soil 
+ lime + leaf mold. These terms will be 
used in referring to these lots hereafter. 

After preparation all six lots were 
stored in large boxes in a room adjacent 
to the greenhouse. The reactions of the 
various combinations ranged from pH 
7.8 to 8.2; moisture equivalents, deter- 
mined by the centrifuge method, from 
19.2% to 21.5%. Water content in the 
moist lots ranged from 21.5% to 24.3% 
during the first week of storage. 

Meanwhile, 36.0-, 3.6-, and 0.36-gm. 
quantities of commercial grade 2,4-D 
were each dissolved in 100 ml. of ethyl 
alcohol. The three solutions were each 
then thoroughly mixed by hand with 
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i-kg. amounts of white quartz sand 1 
which was spread out to allow evapora- i 
tion of the alcohol. ; 

The six different lots of stored soil > 
were each then divided into four ali- 
quots. To three aliquots of each lot, the 
dry sand containing 2,4-D was added on 
April 7 (i I days after the lime had been 
added) so as uniformly to incorporate 
2,4-D into the soil at the rate of 2, 20, 
and 200 p.p.m., respectively, based on 
the dry weight of the soil. The fourth 
aliquot of each lot served as an untreated 
control. The amount of sand so added 
was negligible in its effect upon textural 
and structural relations of the soil. 

The twenty-four lots of soil which re- 
sulted from the possible combinations of 
the various treatments were placed in 
storage in a room not subject to great 
temperature fluctuations; temperatures 
2-4 inches below the surface in the stored 
soil averaged about 74° F. with a low of 
on April 26 and a high of 84° on 
July 8. 

Water was added to the moist lots 
occasionally to offset evaporational losses 
but not in such quantity as to result in 
leaching. 

On April 14 and 21, May 5, July 17, 
and August 15, soil from each lot was 
placed in 5-mch, white, glazed pots pro- 
vided with glass-wool filters over the 
drainage hole. Torpedo sand filler! the 
lower one-fourth of each pot. On April 
14 and 21 ten pots were so fllled from 
each of the twenty-four stored lots, and 
on the other dates five pots were filled 
from each. Thus, soil was taken from 
each storage lot into the greenhouse 
I week, 2 weeks, 4 weeks, 14I weeks, and 
approximately 18 weeks after 2,4-D had 
been mixed with it. 

On each removal date the filled pots 
were placed on a greenhouse bench, and 
each pot was uniformly planted with five 
Red Kidney beans and ten seeds each of 


barley, African marigold, and white mus- 
tard. These species are sensitive in dif- 
ferent degree to 2,4-D. The rate and per- 
centage of emergence of the seedlings 
were used as primary criteria of the de- 
gree of toxicity of 2,4-D and of its per- 
sistence in the different stored lots on the 
various planting dates. 

Half the number of pots in each treat- 
ment in the April 14 planting were re- 
planted on May 12. In this process the 
soil was allowed to dry to the point where 
the old plants could be pulled free with 
little loss of soil. The other pots in the 
April 14 planting were replanted on June 
2. A third planting was made on July 15 
on the soil initially planted on April 14 
and replanted on May 12. 

Similarly, half the number of pots of 
the April 21 sowing were replanted on 
May 19. In the cases of two pots of each 
of the twenty-four treatments, the top 
and bottom halves of the soil mass were 
removed to clean, separate pots to test 
whether residual toxicity differed in the 
top and bottom layers of the soil. 

On August 16 the pots initially plant- 
ed on July 17 were replanted. 

Ten days after each planting all but 
one of the bean seedlings in the control 
pots were cut off below the cotyledons so 
that the smaller seedlings would not be 
excessively shaded. This procedure was 
not necessary in the first plantings in the 
pots containing 2,4-D because of its in- 
hibiting effect on beans. 

Counts of germination were made 14 
days after each planting. Germination 
was considered, following Porter (9), as 
the eihergence and development f rom the 
embryo of those essential structures 
which, for the kind of plant in question, 
were indicative of the ability to produce 
; a normal plant under favorable condi- 
[ tions. All such data were calculated in 
i percentages and graphed (figs. 1-4). Fur- 
E ther development of the plants was fol- 
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Fig. I.— Percentages of emergence of test plants 14 days after planting on indicated dates from soil 
which had been stored since April 7. Conditions of storage were dry soil; dry soil + leaf mold; C, moist 
soil; Z), moist soil -f* leaf mold; E, moist soil -f" lime; F, moist soil -f- lime d- leaf mold. Each group of four 
bars, from left to right, respectively, represents emergence from soil in which 2,4-D had been incorporated on 
April 7 at rate of o, 2, 20, and 200 p.p.m. 
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Fig. 3.— Percentages of emergence of test plants 14 days after planting on indicated dates. Each group 
of four bars and categories^, C, D, E, and F as in fig, i. Planting on April 14 made after i week of soil 
storage. Data for other dates are of replantings on same soil following 4, 7, and 13! weeks of cropping. Note 
effect of lime (E) on retention of toxicity and of leaf mold (F) in mitigating its effect. 
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APRIL 14 
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JUNE 2 


JULY 15 


JULY 15 


Fig. 4 —As in fig. 3 for other test species 
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Naturally, the plants required large 
amounts of water to offset losses by 
transpiration during these continued 
high temperatures. Frequent but light 
watering was maintained. Soil tempera- 
tures in the pots at a depth of 4 inches 
ranged from 59° to 98° F. during the 
season. 

Results 

Some eeeects of ,2,4-D on seedling 

DEVELOPMENT 

As judged by seedling emergence in 
this experiment, mustard and marigold 
seeds were more intolerant of 2,4-D than 
Red Kidney bean and barley, and mari- 
gold seemed to be more sensitive than 
mustard. The sensitivity of marigold to 
2,4-D has been previously reported 
(2. 3). " ; 

Development of bean seedlings devi- 
ated from normal to such an extent in all 
the initial plantings on soils originally 
containing 20 and 200 p.p.m. of 2,4-1) 
that it was necessary to designate the 
seriously injured specimens in making 
the counts. Consequently, the clear 
spaces in the bar graphs (figs, i, 3) indi- 
cate the percentages of seedlings showing 
markedly abnormal development, the 
Air temperature in the greenhouse solid bars those with more nearly normal 
from April 21 until the last week in May development. The seriously injured seed- 
varied from 90*^ to 98^ F. at midday to a lings were often upside down and much 
night minimum of about 74°. During the contorted (fig. 5). Frequently, they 
last week in May and practically all of possessed four flanges of tissue at the 
June, daily maximum readings stood at bases of the hypocotyls. These abnor- 
98^ with one exception. During the first malities have been described by others 
part of the third week of June, tempera- (i, 4). 


Fig. 5. — Beans 26 days after planting on May 5 
in moist soil -j- lime. Left, from 2‘p.p.m. (2,4-D) 
pot; right, from 20-p.p.m, pot. 
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The capacity of substituted phenoxy- 
acetic acids to induce modifications in 
size, shape, pattern, and venation of 
leaves was first reported in 1942 (13). 
In the present experiment the heart- 
shaped leaves of beans strongly affected 
by 2,4-D often failed to expand properly 
and were yellowish-green in color with 
the veins more or less outlined with small 
black dots. In general, they appeared 
stiff and dry. Some of the trifoliate leaves 


in any later plantings although the ir- 
regularities appeared in some of the 

2,4-D treatments in all the successive 
initial plantings on stored soil. 

Mustard germinated first in each 
planting, and those mustard seedlings 
which emerged from soil treated with 

2,4-D exhibited no characteristic ab- 
normalities. 

Marigold seedlings developed swollen 
regions at the bases of the petioles in 



Fig. 6, — First “trifoliate"’ leaves of beans from various 20-p,p.m. (2,4-D) pots in April 14 planting 


of bean displayed telemorphic effects 
(2, 3) from 2,4-D in the production of 
excessive numbers of leaflets as well as in 
the nondivergence of leaflets. Some 
leaves had one leaflet only, while others 
had as many as six or eight divisions 
(figs. 5, 6). No specimens were found 
with more than ten leaflets per leaf. 
Judging frorri counts made on these 
anomalous leaves of bean, more plants in 
the first sowing (April 14) in the soil 
treated with 2 and 20 p.p.m. of 2,4-D 
possessed this type of malformation than 


some plants in the initial plantings in 
soil originally containing 20 p.p.m. of 

2,4-D, Occasionally, the leaves seemed 
narrower than those in the controls. If 
germination was possible, however, there 
were no striking morphogenic effects 
from 2,4-D on either marigold or mus- 
tard. 

In barley the coleop tiles remained very 
pale, almost white, for several days in the 
initial plantings in soil originally contain- 
ing 200 p.p.m. of 2,4-D. Later, the green 
plumules emerged weakly and elongated 
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a few inches. A brown spotting super- 
ficially resembling a rust developed on 
the leaves of plants in the 2- and 20- 
p.p.m. soils in most of the initial sowings 
in stored soil. Frequently it was followed 
by a chlorosis of the entire leaf. A burn- 
ing of the leaf tip was also rather com- 
mon in these pots. 

Germination in control pots 

Some deviations in the percentages of 
germination in the controls were ap- 
parent in relation to season of planting, 
but the six major soil categories had little 
effect on the percentages of emergence 
in control pots on any one planting date. 
Throughout the experiment Red Kidney 
bean was high in percentage of germina- 
tion in all controls. The percentage of 
germination for mustard was noticeably 
reduced in the July 17 planting, while the 
percentage for barley was relatively low 
in both the July 17 and the August 15 
plantings. On the whole, of the four 
species tested, marigold was lowest in 
percentages of germination in controls 
for all ten planting dates. All statements 
concerning the effects of 2,4-D upon 
emergence are based on comparisons 
with the control pots in the same cate- 
gory of soil. 

Inhibitory eepects oe 2,4-D in 

STORED SOIL 

The persistence of the toxic effect of 
2,4-D in stored soil is shown in table i, 
in figures i and 2, and in the data for 
April 14 in figures 3 and 4, based chiefly 
on percentages of emergence of test 
species in the five different plantings on 
stored soil. The data in table i are 
weighted somewhat in accord with the 
later development of the seedlings. 

Results from soil stored T week (figs. 
3-4 for April 14) and from soil stored 
2 weeks (figs. 1-2 for April 21) were 


practically identical. Toxicity to bean, 
marigold, and mustard was apparent at 
all three levels of concentration of 2,4-D 
in all six categories of soil treatment. For 
barley there were no inhibitory effects in 
the soil originally containing 2 and 20 
p.p.m. of 2,4-D in any of the six combi- 
nations. 

Results from the planting on May 5 
(figs. 1-2), after 4 weeks of soil storage, 
were much the same as in the previous 
plantings, except that Red Kidney bean 
showed little or no injury in the 2-p.p.m. 
soil, and barley appeared to be stimu- 
lated in the 20-p.p.m. dry-soil treatment. 

In the July 17 planting on soil stored 
for 14I weeks, there were no pronounced 
inhibitory effects on any of the four 
species in the moist-soil lots at the 2- and 
20-p.p.m. levels. All the seeds in the 
moist-soil lot at 200 p.p.m. were affected, 
however. The other five major soil cate- 
gories showed toxicity essentially the 
same as in the three earlier initial plant- 
ings on stored soil. 

In the last of the initial sowings on 
August 15, on soil stored 130 days, pro- 
nounced inhibitory effects continued 
with some exceptions: the lots of moist 
soil were least toxic of all, and moist 
soil+leaf mold, with or without added 
lime, was less toxic than the other three 
soil combinations. 

Thus, in general, there was very slight 
difference among soil lots stored for 
I, 2, or 4 weeks in the persistence and 
degree of toxicity of equivalent amounts 
of 2,4-D added at the beginning of 
storage. The persistence was little af- 
fected by moisture content of soil, by 
the status of its lime content, or by the 
addition of leaf mold. After 14 J weeks of 
storage, however, there had been a pro- 
nounced loss of toxicity in the moist- soil 
lots which contrasted strongly with the 
five other categories. There was a gradual 



Presence OR absence of toxic or stimulating effects which resulted from mixing 2,4-D in soil on April 7 

AS SHOWN BY SEEDLING EMERGENCE AND LATER DEVELOPMENT OF FOUR TEST SPECIES* 
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diminution of toxicity in the lots of moist however, had markedly reduced the 
soil+lime+leaf mold as shown by the toxic condition in the limed soil, especial- 
plantings of May 5, July 17, and August ly in the case of marigold, and for bean in 
15 in contrast with strong persistence of the 200-p.p.m. soil (figs. 9, 10). Some 
toxicity in the moist soil+lime combina- apparent stimulation of growth was evi- 
tion. dent in mustard, barley, and bean in the 

lots of dry soil with initial concentrations 
Inhibitors EFFECTS IN REPLANTED 2oand 2oop.p.m. of 2,4-D, and al^ 

mustard and marigold in all levels in 
As shown by the replanting on May 12 moist soil+leaf mold (fig. 8). 
in soil which had been cropped in the A replanting on June 2 of soil which 







greenhouse for 4 weeks, toxic effects 
from 2,4-D had completely disappeared 
except in the limed lots of soil (figs. 7~io) . 
In the latter, some toxicity to one or 
more of the test species was still present 
at all test levels of 2, 4-D (table i, figs. 
3, 4), although generally in lower degree 
than in the April 14 planting. The pres- 
ence of partially decomposed leaf mold, 


had been cropped in the greenhouse for 
7 weeks showed strong inhibition in the 
200“p.p.m. moist soil+lime, except in the 
case of barley, although the toxicity was 
somewhat less than on May 12. As in 
the May 12 replanting, the presence of 
leaf mold had further reduced the toxic 
condition in the limed soil. 

In the July 15 replanting in soil which 


ri 
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had been cropped in the greenhouse for 
13I weeks, toxic effects from 2,4-D had 
completely disappeared in all treatments, 
including the limed soils. Moreover, there 
was some apparent stimulation to growth 
of all test species, in comparison with 
controls, in some of the lots which had 
been treated with 2,4-D (table i). 

In comparing the replantings of May 
19 and August 16 with the replanting of 
May 12 (table i), all three of which were 
made on soil which had been cropped in 
the greenhouse for 4 weeks, it appeared 



Fig. 14.— Test plants on June 10 in replanting 
of May 19 in soil originally planted on April 21, 
moist soil + lime -j- leaf mold. bottom half of 
soil mass in April 2 1 planting; rights top half. 

that the May 19 replanting practically 
repeated the results of May 12, except in 
the case of dry soil+leaf mold, which re- 
mained toxic to the three dicotyledons 
in the 200-p.p.m. soil In the resowing of 
August 16, deleterious effects of 2,4-D 
had apparently been more persistent 
than in the other comparable replant- 
ings, since there was still pronounced 
toxicity to one or more test species in all 
soil originally containing 200 p.p.m. of 
2,4-D. Possibly the very high greenhouse 
temperatures during the August 16 test 
intensified the activity of plants in re- 
sponse to the presence of the growth- 
regulator, or for various reasons it had 


not been lost from the soil or inactivated 
as rapidly. 

In the replanting on May 19 of the 
upper and lower portions of soil from 
pots which had been cropped in the 
greenhouse for 4 weeks, a strong contrast 
in residual toxicity between top and 
bottom portions, as shown by seedling 
emergence and later development, oc- 
curred only in the 200-p.p.m. lots (figs. 
11-14). The lower half was definitely 
more toxic to mustard and marigold, but 
Red Kidney bean in this portion also 
showed symptoms of toxicity in mis- 
shapen leaves and yellowish-green color 
in the seedlings. The effect of leaf mold 
in diminishing the toxicity of 2,4-D in 
the limed soil was well shown in this 
planting (figs. II, 14). 

These data suggest that some of the 
relatively greater decrease in toxicity 
of the top layers may have resulted from 
the downward leaching of 2,4-D from 
the soil in the pots, in spite of the care 
used in watering, especially since it disap- 
peared much less rapidly from moist 
stored soil. Hanks (6) and De Rose (4) 
have both shown that 2,4-D may be 
leached rapidly from some soils. 

In conclusion, in soil lots lacking 
added lime, 4 weeks of cropping in the 
greenhouse generally sufficed to elimi- 
nate the toxicity of all the different 
original levels of 2,4-D. There was, 
however, strong residual toxicity in the 
limed lots in all three replantings which 
followed 4 weeks of cropping. Some 
toxicity in the 200-p.p.m. treatment per- 
sisted in the limed soil after 7 weeks of 
cropping, and possibly more, but disap- 
peared completely between the replant- 
ing dates of June 2 and July 15. In each 
replanting test the presence of partially 
decomposed leaf mold had offset, to a 
considerable extent, the effects of the 
added lime in delaying the loss of 
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toxicity, especially in the 2- and 20- 
p.p.m. levels. 

Discussion 

The striking persistence, after crop- 
ping for 4 weeks, of the toxic effects of 

2,4-D on mustard and marigold in the 
limed soil originally treated with 2, 20, 
and 200 p.p.m. of 2,4-D, and on Red 
Kidney bean at the 200-p.p.m. level, is 
regarded by the writer as the most sig- 
nificant result of the experiment. In an 
experiment on leaching 2,4-D from soil, 
Hanks (6) found that its inhibitory ef- 
fects persisted longer in a naturally alka- 
line, sandy clay soil, pH 8.4, than in any 
other of the six soils tested. He found, how- 
ever, that addition of lime to these six 
soils seemed to produce no significant dif- 
ferences in toxicity of comparable leach- 
ates as tested by a slight modification of 
the corn-root bio-assay developed by 
Swanson (10). In confirming the results 
of the bio-assay, Hanks tested Red 
Kidney bean emergence and develop- 
ment and observed that the alkaline soil 
mentioned was the only one showing 
toxic effects of 2,4-D to bean at the end 
of 6 weeks of leaching. Hanks’s experi- 
ment was based on an original 20-p.p.m. 
level of 2,4-D mixed in the soil in con- 
trast to the concentrations of 2, 20, and 
200 p.p.m. used in the writer’s experi- 
ment. 

Taylok (ii), working with two soils, 
pH 7. 8-7. 9 and pH 6.9--7.0, found that 
dicotyledonous weeds were almost com- 
pletely eliminated for the growing season 
on these medium-light field soils treated 
at the start of the season with i“4 lb. of 

2,4-D per acre. In general, he found that 
the development of bean and mustard 
was more strongly inhibited than that of 
wheat and corn in proportion to inten- 
sity of 2,4-D treatment. He further noted 
the possible influence of marl (CaCOs) in 


the soil which was low in organic matter. 
He reported a persistence as long as 7 
weeks of the toxic effects of 2,4-D ap- 
plied at the rate of 4 lb. per acre. In the 
greenhouse the writer found that effects 
of 2,4-D at an initial concentration of 
200 p.p.m. continued for 50 days, at least, 
in the case of the moist soil+lime, 

Hamner et al, (5), working with muck 
soil, reported that the toxic effects of 

2.4- D mixed in it did not persist longer 
than 4 weeks. Hanks (6) found that the 
leachate from peat so treated was rela- 
tively free of toxicity, as measured by 
corn-root growth, 2 weeks after the in- 
corporation of 2,4-D. In the writer’s ex- 
periment the presence of large amounts 
of leaf mold in the soil reduced the ef- 
fect of added lime in retarding the loss in 
toxicity. 

After 1 81 weeks treated soil in storage 
had retained most of its toxicity at all 
levels of 2,4-D with one exception, that 
of moist soil with original concentrations 
of 2 and 20 p.p.m. of 2,4-D. There was 
practically no loss of toxicity in soils 
stored air-dry. Mitchell and Marth 
(7) found a retention of toxicity for as 
long as 18 months in soil in relatively 
dry storage. 

The more vigorous growth of some 
seedlings in 2,4-D~treated soil, in con- 
trast to controls, in the replantings of 
May 12, June 2, and July 15 is note- 
worthy in many of the soil combinations. 
This apparent stimulation was greatest 
in the mixture of moist soil+leaf mold. 
Hanks found a stimulation of corn-root 
growth, in contrast with controls, in one 
or more of the weekly leachates from five 
of six soils treated with 2,4-D, the excep- 
tion being the naturally alkaline soil 
mentioned previously. Taylor (ii) also 
reported a stimulating effect on some 
plantings on soil previously treated with 

2.4- D. 






524 


BOTANICAL GAZETTE 


It has been demonstrated (ly 4) that 
germinating seeds are very susceptible 
to small amounts of certain growth- 
regulating substances, certain broadleaf 
species being more sensitive than some 
cereals. The behavior of Red Kidney 
bean, African marigold, and mustard in 
this experiment paralleled these findings 
for the dicotyledons, while barley showed 
resistance to 2,4-D in all initial plantings 
at 2 and 20 p.p.m. The single exception 
to this statement concerning barley ap- 
peared in the planting of July 17, es- 
pecially on moist soil+lime, in which 
higher temperatures may have been an 
important factor in accentuating the 
toxic symptoms. 

Modification of leaf form in bean re- 
peated itself with surprising regularity 
in initial plantings in the 20-p.p.m.'* pots 
and resembled somewhat the morpho- 
genic effects on various leaves de- 
scribed by Zimmerman and Hitchcock 
(13) and by DeRose (4). The appearance 
of Red Kidney bean seedlings in the 
initial plantings on soil containing 2, 20, 
and 200 p.p.m, of 2,4-D in this experi- 
ment closely duplicated those illustrated 
by Allard (i). 

Leaching, decomposition through ac- 
tion of micro-organisms in the soil, and 
inactivation due to adsorption or fixation 
by soil colloids have been suggested as 
factors contributing to the reduction or 
loss in activity of 2,4-D in soil (4, 6). The 
writer’s experiment suggests that the 
status of its lime content and the organic 
content of soil may strongly affect the 
rate of loss of toxicity from 2,4-D mixed 
in the soil, whatever the mechanisms in- 
volved. Toxicity was also gradually di- 
minished under some conditions of moist 
storage of soil in contrast with its re- 
tention in dry storage, although condi- 
tions in moist cropped soil led to a much 
more rapid loss of toxicity than did those 
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in comparable moist stored soil. It is 
thought that reduction of toxicity in 
stored soil could not have resulted from 
leaching and that leaching was not the 
primary factor in the loss of toxicity in 
cropped soil. 

Summary 

1. Partially decomposed leaf mold, 
water, and lime were mixed with heavy 
black-loam soil from northern Illinois in 
such fashion as to yield six lots: air-dry 
soil; air-dry soil+leaf mold; moist soil; 
moist soil -f leaf mold; moist soil+lime; 
and moist soil+lime+leaf mold. To four 
equal aliquots of each of the six lots, 2,4- 
dichlorophenoxyacetic acid (2,4-D) was 
mixed on April 7 at the rate of o, 2, 20, 
and 200 p.p.m., respectively. All twenty- 
four lots were placed in storage. 

2. Portions of each lot were placed in 
pots on greenhouse benches on April 14, 
April 21, May 5, July 17, and August 15. 
Each pot was planted with Red Kidney 
bean, mustard, African marigold, and 
barley to test by the emergence and later 
development of these plants the degree 
and persistence of toxicity from 2,4- D in 
the different lots of stored soils. 

3. The soil originally planted on April 
14 was replanted on May 12, June 2, and 
July 1 5 to test for persistence or loss of 
toxicity in the various treatments under 
cropping. Soils initially planted on April 
21 and July 17 were replanted on May 
19 and August 16, respectively. 

4. The capacity to induce toxic symp- 
toms was strongly persistent in soil in dry 
storage as measured by all initial test 
plantings. There was some diminution 
of toxicity in some lots in moist storage, 
although others, especially the limed 
ones, retained strong toxicity for 18 
weeks. 

5. In general, as shown by three dif- 
ferent replantings, 4 weeks of cropping in 
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the greenhouse sufiiced to eliminate 
toxicity to all test species from all soil ex- 
cept that which had been limed or to 
which 2,4-D had been added at the rate 
of 200 p.p.m. Seven weeks of cropping 
resulted in the loss of toxicity to all test 
species from all except the limed soil at 
the 200-p.p.m. level. Such long per- 
sistence of 2,4-D in this treatment sug- 
gests caution in its use in calcareous or 
newly limed soils. In all replantings the 
presence of large amounts of leaf mold 
strikingly reduced the degree and per- 
sistence of toxicity to one or more test 
species in the limed soil. Thirteen weeks 
of cropping resulted in complete loss of 
toxicity from all pots. 

6. In some replantings there was more 
vigorous growth of seedlings in soil 
treated with 2,4-D than in the controls. 
Such stimulation was found in one or 


more test species in one or more replan t- 
ings for twelve of the eighteen lots 
treated with 2,4-D. 

7. Sensitivity to 2,4-D in the soil in- 
creased in the order barley, bean, mus- 
tard, and African marigold. In the initial 
plantings on soil containing 2 and 20 
p.p.m. of 2,4-D, the first trifoliate 
leaves of bean characteristically showed 
abnormalities involving nondivergence of 
the leaflets or their multiplication to 
numbers as high as ten. 

The writer wishes to express gratitude 
to Dr. Charles E. Olmsted, under 
whose immediate supervision all phases 
of the experiment were carried on. 

Department or Biology 
Central Michigan College or Education 
Mount Pleasant, Michigan 
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SOME RESULTS OF CROSS-POLLINATION ON LILIUM REGALE' 

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 684 
J. M. BEAL 


One of the most popular of our garden 
lilies is LiUum regale Wilson, commonly 
known as the regal lily. Because of the 
many desirable characters which it 
possesses, numerous attempts have been 
made at hybridizing it with other 
species, but they have generally been un- 
successful when L. regale was used as the 
seed parent. Although the application to 
the stigmas of L. regale of pollen from 
almost any species of Lilium may result 
in the production of a greater or fewer 
number of viable seeds, the progeny de- 
rived through such pollinations, almost 
without exception, have shown no evi- 
dences of paternal inheritance. 

Partly in an effort to learn why this re- 
sult was obtained, a large number of 
cross-pollinations have been made during 
the last decade on L. regale, both in our 
local garden and at Wychwood, Lake 
Geneva, Wisconsin. These experiments 
were begun in 1936 and have been con- 
tinued each season, using poUen from 
L. amahile, L. browrd, L. canadense, L. 
candidum, L. concolor, L. martagon, L. 
pumilum, L. speciosum, L. superbum, L. 
umbellatum, and L. willmottiae (L. davidi 
var. willmottiae) as well as from a few 
hybrids including L. X Backhouse, L. X 
Maxwill, L. X elegans, and L. X testa- 
ceum. In some cases as few as four or five 
seeds per capsule have developed after 
pollination, while in others, notably 
when the pollen of L. candidum was used, 
practically all the ovules developed into 
mature viable seeds. There was also 

^This work was supported in part by a grant 
from the Dr. Wallace C. and Clara A. Abbott 
Memorial Fund of the University of Chicago . 


marked seasonal variation in the quan- 
tity of seeds set. For example, the sum- 
mers of 1936 and 1938 were unfavorable, 
and comparatively few seeds developed, 
whereas during 1937 and 1946 heavy sets 
of seeds developed in at least some cap- 
sules from almost all the pollinations. 

Seeds resulting from the cross-pollina- 
tions were planted in flats in the green- 
houses in late November or early De- 
cember of each year. Usually a high per- 
centage of germination was obtained. 
The seedlings were allowed to remain in 
the flats until late May or early June 
following, when they were transplanted 
to the garden. For a few years the small 
bulbs resulting from this first season’s 
growth were sent to the Willamette 
Valley of Oregon for further development 
because of the more suitable climatic 
conditions prevailing there. Owing to 
transportation difficulties which de- 
veloped during the war, however, the 
practice was discontinued after 1941, and 
the seedlings have since been grown in 
our local garden. 

Both here and in Oregon some of the 
seedlings flowered in the third season and 
most of them in the fourth. Regardless of 
the pollen which had been used on the 
seed parent, all first-generation progeny 
appeared to be pure L. regafe, with no 
greater variability in flower color or size, 
leaf form, and size or height of stems 
than occurred in the progeny of selfed 
L. regale. 

A number of flowers from a part of 
nearly all the first-generation crosses 
were self-pollinated. Generally the cap- 
sules set an abundance of seeds, approxi- 
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mating that of selfed L, regale closely in 
quantity. The seeds showed high vi- 
ability, and their seedlings were as 
vigorous as those of L. regale seedlings. 
The time required for flowering in the 
supposed F2 plants was the same as for 
the seedlings of the first-generation 
crosses or for seedlings from selfed £. 
fggafe. These supposed F2 plants still ap- 
peared to be pure L, regale^ showing no 
segregation and no indication whatever 
of hybridity. 

For several years, too, Professor Ron- 
ald Bamford and certain of his graduate 
students at the University of Maryland 
have been working on the same problem. 
In both personal conversation and cor- 
respondence Professor Bamford has in- 
formed me that their results and obser- 
vations are in complete agreement with 
mine. The photomicrographs, which con- 
stitute a part of the present paper, were 
sent to him in order that he might com- 
pare them with their preparations. 

Several hundred smear preparations of 
microsporocytes from the first-genera- 
tion crosses have been made, stained ac- 
cording to the gentian violet-iodine 
method, and compared with similar 
smears of microsporocytes of L. regale. 
No observable differences in pairing rela- 
tions, chiasma frequency, or disjunction 
have been detected. Neither lagging nor 
other detectable differences could be ob- 
served. In short, meiosis in the progeny 
resulting from the cross-pollinations 
showed no peculiarities which would 
serve to distinguish them from the 
progeny of selfed X. regale. 

Ovaries were collected at appropriate 
intervals during several of the years from 
both self- and cross-pollinated plants, 
cut transversely into segments usually 
5“8 mm. long, fixed in Navashin's solu- 
tion, handled according to the tertiary 
butyl-alcohol method, and sectioned, ac- 


cording to age, at thickness ranging from 
20 to 35 ju. Megasporogenesis and niega- 
gametophyte development in X. regale 
follow the Fritillaria type, according to 
the results of Cooper (i), and my obser- 
vations are in complete agreement with 
his report. 

In self-pollinated plants the pollen 
tubes reached the ovules at the distal end | 
of the ovary in approximately 100 hours, 
while to reach those at the proximal end 
sometimes required as long as 120 hours. 
The time may vary, however, as a result 
of variable environmental conditions so 
that, when especially favorable condi- 
tions prevail, the ovules nearest the 
stigmas may show the pollen tubes in 
their micropyles as early as 96 hours or, 
conversely, when conditions are not fa- 
vorable, it may require 120 hours or more. 
Rather large numbers of ovules were 
seen which showed the pollen tubes 
shortly after they had passed through 
the micropyles with the two micro- 
gametes already discharged into the 
megagametophyte. The microgametes, 
when first discharged, are elongated and 
vermiform, as has been noted frequently 
by other investigators. Various stages in 
the double-fertilization process have 
been observed which, in the main, differ 
little from previous descriptions (3, 4, 5). 

At 188 hours following self-pollination 
the primary endosperm nucleus had di- 
vided once, while the zygote nucleus re- 
mained undivided (fig. i). At 216 hours 
there were four nuclei in the endosperm 
and a two-celled embryo (fig. 2). At the 
side of this embryo was a second struc- 
ture which possibly might be a twin em- 
bryo derived from one of the synergids, 
as has been reported lox Lilium by 
Cooper (2). A similar condition has 
been observed in only a few other sec- 
tions of the self-pollinated ovaries and 
in none of those from the cross-pollinated 


I 






Figs. i~8. — Stages in development of embryo and endosperm in self-pollinated Liliim regale: fig. i, 
iS8 hours, with undivided zygote nucleus and two-nucleate endosperm; fig. 2, 216 hours with apparently twin 
embryos and at least an eight-nucleate endosperm; fig. 3, 268 hours, with embryo and endosperm only little 
more developed; fig, 4, 312 hours, with embryo sac starting to enlarge; fig. 5, 360 hours, showing increased 
volume of endosperm in enlarged embryo sac; fig. 6, 408 hours, with only slight advances over preceding; 
fig. 7, 456 hours, similar to preceding; fig. 8, 485 hours, endosperm greater in volume and number of nuclei, 
embryo relatively little farther advanced. 
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ones. At 268 hours the endosperm ap- 
peared to possess at least sixteen nuclei 
and the embryo several (fig. 5), The vol- 
ume of the embryo sac next increased 
noticeably as the volume and number of 
cells of the endosperm increased (figs. 
4-6), but with proportionately less rapid 
increase in volume of the embryo. The 
growth of the embryo does not keep pace 


with that of the endosperm (fig, 7, 456 
hours; fig. 8, 485 hours). During the 
period of approximately 5oo-“900 hours 
following fertilizatiouj the embryo re- 
mains relatively small and little differ- 
entiated, according to some other ma- 
terial examined but not reported on here- 
with, while the endosperm continues to 
develop rapidly. 


Figs. 9-14. — Stages in development of embryo and endosperm in L. regale pollinated with pollen of 
£. candidlm:^. 9, ^88 hours, similar to fig. fig. 10, 360 hours, similar to fig. 3; fig. n, 432 hours, fig. 12, 
456 hours, similar to fig. 6; fig. 13, 468 hours, similar to fig. 7; %• H, 49^ hours, similar to fig. 8. 
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Although the earliest stages from 
cross-pollinated plants have been found 
at 288 hours after pollination, the evi- 
dences of pollen-tube entrance through 
the micropy le were still clear (fig. 9) . The 
endosperm development is comparable 
with that in selfed plants (fig. 3), but 
embryo development is possibly a little 
slower. At 360 hours (fig. 10) develop- 
ment of both embryo and endosperm is 
comparable with that in selfed plants (cf . 
fig- 5)* The embryo sac next increases 
markedly in volume (figs. 11-14), j^st as 
in the self-pollinated plants, and the ap- 
pearance of embryos and endosperm is 
strikingly similar in the two series, with 
about equal development at the same 
time intervals. So far as it has been pos- 
sible to determine, there are no recogniz- 
able differences in development of endo- 
sperm, and embryo in self- and cross- 
pollinated plants. 

Additional studies have been carried 
out on the cross-pollinated plants, with 
collections having been made at i- or 
2-day intervals for more than 50 days 
after pollinations. The ovules, which 
were nearly mature seeds at that time, 
contained essentially fully developed 
embryos. Many of the capsules were as 
well filled as those on self-pollinated 
plants. No recognizable differences what- 
ever could be observed. 

These studies have so far given neither 
information nor real clues to the reason 
why the progeny resulting from the cross- 
pollinations show no evidences of hy- 


bridity. It is planned to continue the ex- 
periments during the summer of 1947 
and to investigate materials at some of 
the time intervals following pollinations 
which are not covered in the present 
report. 

Summary 

1. During the last decade cross-polli- 
nations have been made on. Lilium regale 
with pollen from more than a dozen 
species of lilies. Viable seeds have de- 
veloped in some capsules following all 
the cross-pollinations. The seedlings re- 
sulting from these seeds reach flowering 
size during the third and fourth seasons 
following planting, but among several 
thousand of the supposed Fi hybrids no 
evidences whatever of the pollen parent 
have been manifested; they closely re- 
semble the seed parent in all visible 
characters. These seedlings show no 
greater variability than that exhibited by 
seedlings resulting from self-pollination. 

2. Smear preparations of microsporo- 
cytes from the supposed Fi hybrids 
showed no differences in meiotic behavior 
when compared with microsporocytes of 
L. regale. Following cross-pollination, 
the pollen tubes entered the ovules by 
way of the micropyles, and both em- 
bryos and endosperm developed at ap- 
proximately the same rate and in the 
same manner as in selfed L. regale. No 
explanation has so far been found for this 
unusual behavior. 

Department of Botany 
University of Chicago 


LITERATURE CITED 


1. Cooper, D. C, Macrosporogenesis and the de- 
velopment of the embryo sac of Lilium hmryi. 
Bot. Gaz. 97 1 346-355* 1935. 

2. — — . Haploid-diploid twin embryos in Lilium 
and Nicotiana. Amer. Jour, Bot. 30:408-413. 

1943* 

3. Guignard, L. Sur les anth^rozoides et la double 
copulation sexuelle chez les v6g6taux angio- 


sperms. Compt. Rend. Acad. Sci, (Paris) 
128:864-871. 1899. 

4; Navashin, S. Resultate einer Revision der Be- 
fruchtungsvorgange bei Lilium Martagon und 
Fritillaria tenella. Bull. Acad. Imp. Sci. (St. 
Petersbourg) 9:377--382. 1898. I 

5* -• Neue Beobachtungen liber Befruchtung 

bei Fritillaria tenella undi Lilium Martagon. Bot. 
Centralbl. 77:62. 1S99. 


; j- "I- 


DEVELOPMENTAL SEQUENCE OF EMBRYO x\ND ENDOSPERM 
IN APOMICTIC AND SEXUAL FORMS OF POi\ PRx-\TENSIS' 


ETLAR L. NIELSEN 


Introduction 


It is well established that the proem- 
bryo may consist of several cells before 
the first division of the fusion nucleus in 
apomictic forms of Kentucky bluegrass, 
Poa protensis L. The significance of 
some of the figures of the developing 
female gametophyte of this species pub- 
lished by Anderson (3) has only recently 
been recognized. Tinney (5) found that 
pollination was unnecessary to induce 
the formation of proembryos but that 
without pollination no endosperm was 
formed. This was recently substantiated 
by Akerberg (i, 2), whose demonstra- 
tion of the necessity of fei tilization of the 
polar nucleus for endosperm formation 
was based upon an extensive series of 
emasculations. The sizes of the comple- 
ments of chromosomes in this tissue 
could be accounted for only by assuming 
that fertilization had occurred. The lat- 
ter observation was confirmed by Niel- 
sen (4). 

Opportunity was offered for making 
some additional observations on this 
phenomenon during the course of cyto- 
logical studies of the species. It appears 
desirable to record briefly some of the 
more salient facts that have been 
brought to light. 

Material and methods 

Kentucky bluegrass plants flower in 
the early morning at Madison, Wiscon- 

^ Results of co-operative work between the Divi- 
sion of Forage Crops and Diseases, Bureau of Plant 
Industry, Soils and Agricultural Engineering, XJ.S. 
Department of Agriculture, and the Wisconsin 
Agricultural Experiment Station, Madison . 


sin. Anthers are exserted and the pollen 
is mostly shed before 6 : 00 a.m. on bright 
days of late May. 

Material was gathered from known 
sexual and apomictic plants growing in 
the breeding nurseries (4). From each of 
two sexual and two apomictic plants all 
spikelets of panicles without lowermost 
florets at anthesis were removed on the 
first day these plants flowered. The re- 
maining spikelets, those wherein the 
lowermost florets were at anthesis, con- 
stitute the material upon which this 
study was based. These were fixed in 
Sax’s modification of Navashin’s fluid. 
The first fixation was made at 9:00 A.M., 
and subsequent ones at 24, 48, 120, 216, 
and 264 hours later. The material was 
transferred to 70% alcohol the following 
day. Dehydration was by the usual al- 
cohols, and the imbedded material was 
sectioned at 15 /x. Iodine-ripened haema- 
toxylin was used for staining. 

Observation was limited to the lower- 
most floret of the spikelet in compiling 
the accompanying data, with one excep- 
tion. Data for florets 20 hours before an- 
thesis were derived from the second 
floret of the spikelets of the first fixation. 
This was based upon the assumption that 
this floret would have been at anthesis 
the day after fixation had it remained 
upon the plant. 

There is usually considerable delay in 
the migration of the polar nuclei as well 
as in the division of the fusion nucleus. 
Several arbitrary values were therefore 
set for the different positions of 
the nuclei of the developing female 
gametophyte. These are illustrated in 
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figures 1-5. It is recognized that there gote and proembryo (five instances). In 

may be deviations from these arbitrary two embryo sacs the polar nuclei were 

classes, but for purposes of tabulation lying in the central position. The proem- 

this affords a method of establishing bryos of embryo sacs of the sexual plants 

comparative data. averaged about a third the size of those 

in their apomictic counterparts. 

Results instances were endosperm nuclei 

The observations are tabulated in observed in material taken from the 
table I. The developmental sequence is apomictic plants 28 hours after an thesis. 


markedly different in the two types of Nine of twenty comparable embryo sacs 



plants during the first 2-3 days following of sexual plants had developed free-nu- 
anthesis. A proembryo averaging eight cleate endosperm, the number of nuclei 
to sixteen cells was present in the apomic- averaging eight and sixteen. 


Figs. i-s.~Stages of development of embryo sac in Poa pratensis. Fig. i, polar nuclei migrating toward 
center of embryo sac. Fig. 2, polar nuclei lying near center of embryo sac. Fig. 3, polar nuclei lying adjacent 
to egg. Fig, 4, polar nuclei migrating toward antipodals. Fig. 5, first division of polar fusion nucleus just 
below an tipodals. Figures are not drawn to scale. 


tic plant a day before anthesis. Only two Two days after anthesis the endosperm 
observations were made at this stage for tissue in the florets of the apomictic 
the sexual plants. The polar nuclei had plants had developed greatly, the aver- 
migrated toward the center of the em- age number of nuclei observed being 116 
bryo sac in each case. and 236. The endosperm nuclei of the 

Four hours after anthesis the proem- sexual plants averaged 13 and 16 at the 
bryo in embryo sacs of apomictic plants corresponding stage. The proembryos 
averaged from sixteen to thirty-six cells averaged 10 and 12 cells in the same 
in size, the polar nuclei being in positions florets and were approximately one- 
of from I to 3. Florets of sexual plants col- fourth as large as those in the embryo 
lected at comparable intervals showed sacs of the apomictic plants with which 
varying stages of development ranging they are compared, 
from a four-nucleate endosperm (one in- Five days after anthesis, and subse- 
stance) to stages of fusion of the polar quently, there is no clear-cut difference 
nuclei in a position adjacent to the zy- between the two types of plants in em- 
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bryo and endosperm development. The 
endosperm is partially cellular and the 
undifferentiated embryo rather large. 
Differentiation of the latter is well under 
way at 9 days, as is food storage in the 
endosperm. Eleven days after anthesis 
the endosperm is in dough and, to all ap- 


pearances, the embryo differentiated into 
its several tissues. 

The slow initial growth of the proem- 
bryo in florets of the sexual plants during 
the first 48 hours following anthesis is 
notable as well as the apparent rapid ac- 
celeration during the next 3 days. These 


TABLE 1 

Development of embryo in relation to that of endosperm in 

SEXUAL AND IN APOMICTIC PLANTS OF Poa pratensis^ 


Character of zygote 
OR PROEMBRYO t 


Position of pol\r 

NUCLEI 


Florets 

EX- 


AMINED Zygotes 
ob- 
served 


No. cells in 
proembryo 


Average number of en- 
dosperm NUCLEI OR CHAR- 
ACTER OF ENDOSPERM 


3 


13 


8 


16 


13 


16 


2 

6 

2 

7 

5 

6 




6 


16 





1 1 . 0 2 I . 

II . 7 I 7 I 8.0 

10.5 4 .... 16.2 

Massive 259 to cellular at base 

Differentiating Cellular and food mate- 

rials stain densely 

Differentiated In dough 


12. 5 I I .... 13.3 

44.4 Free nucleate to cellular 

Differentiating .... .... .... Cellular 

Differentiated In dough 


Apomictic 


4 

9 

14 

2 

2 

10 


7 

7 ' ■ ' 

14 




8 ■ 


12 


2 


4 


A 


18 


10 





30*1 I 4 4 •••• ■••• 

23.7 2 2 3 3 3 • • • 

45.2 .... 2 .... 1 16 to cellular at base 

85.2 ..... .... , . . . I Cellular at base 

Differentiating ........ .... + Cellular to cellular 

Differentiated .................... In dough 


14.2 .... 0 2 

17.4 . . . . 10 2 .... 

29.5 .... ... . . . . . .... 2 

36.3 .... .... .... I 236 to cellular at base 

52.0 .... .... .... .... .... ±Cellular 

Differentiating . ... .... .... . . . . .... Cellular 

Differentiated .... ... . .... In dough 


* Progenies of plants 72-5 and 72-14 contained o and 8.3%, respectively, offtype plants; and those of plants 70-11 and 72-16 
were 100% aberrant, no two plants being morphologically alike, 
t Zygote includes unicellular members of embryo sacs. 
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are evident from a comparison of the de- 
velopmental sequence in sexually and 
apomictically reproducing types. The late 
division of the fusion nucleus in the em- 
bryo sacs of the apomictic plants is fully 
in accord with earlier observations. There 
is published evidence that pollination is 
necessary for endosperm formation, and, 
without this being effected, the ovule 
aborts. There is evidence also from the 
chromosome numbers present in the en- 
dosperm tissue of apomictic plants that 
fertilkation must have taken place to 
account for the sizes of the complements 
present. Although this evidence has been 
established, it is difficult from the pres- 
ent data to arrive at a satisfactory con- 
clusion that accounts for the long delay 
from the time of pollination to the onset 
of formation of endosperm in the apomic- 
tic plants. The data presented indicate 
that fertilization to form the polar fusion 
nucleus could hardly have taken place 
less than 24 hours following anthesis. Usu- 
ally it is not prior to this time that the 
polar nuclei are in intimate association 
with one another. When these observa- 
tions are considered with reference to the 
sequence of events in the sexual plants, it 


becomes evident that the two types of 
plants differ also in respects other than 
those determinable from cytological 
study. Other techniques than those em- 
ployed will apparently have to be ad- 
ministered to extensive materials before 
the underlying causes can be definitely 
determined. 

Summary 

The comparative development of the 
embryos and endosperms was examined 
in two plants each of known apomictic 
or sexual reproductive tendencies. The 
development of the embryo is well under 
way before the first division of the fusion 
nucleus in apomictic plants of Poa pra- 
tensis. In sexual individuals the endo- 
sperm development is in advance of that 
of the zygote or proembryo during the 
first 2 days following anthesis. Five days 
after pollination, and subsequently, the 
development of both embryos and endo- 
sperm in the two differently reproducing 
types of plants is essentially parallel, and 
the two types are then indistinguishable 
from each other. 

Department oe Agronomy 
University oe Wisconsin 

Madison, Wisconsin 
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RESPONSE OF GUAYULE TO ALTERNATING PERIODS OF 
LOW AND HIGH MOISTURE STRESSES 

H. M. BENEDICT, W. L. McRARY, AND M. C. SLATTERY^ 


latrodtiction 

The yield of rubber per acre obtained 
from guayule is determined by the 
amount of rubber-bearing tissue present 
and its rubber content. Results to date 
(i, 2, 4, 7, 9, lo) have indicated that the 
rubber-bearing tissues are produced dur- 
ing periods of active growth but that 
their rubber content increases during pe- 
riods of limited growth caused by 
drought, low temperatures, and nutrient 
deficiencies. This raised the question as 
to which method would yield the most 
rubber: (a) to allow the plants to grow 
vigorously for short periods of time and 
then to subject them for short periods to 
conditions favorable for building-up of 
rubber but unfavorable for growth, or 
(b) to allow them to grow actively for a 
long period, followed by a single period 
of conditions favorable for rubber forma- 
tion. In other words, was it necessary, to 
obtain large yields, for the shrub to 
build up its rubber content as it grew — 
and, if so, how long should the periods of 
active or limited growth last^ — ^or could 
a large shrub be produced first which 
would accumulate rubber later? 

This paper presents results obtained 
at Salinas, California, from studies on 
growth and carbohydrate, resin, and rub- 
ber content of guayule subjected to al- 
ternating periods of abundant moisture 
and drought for different lengths of time. 

^Physiologist, Associate Physiologist, and As- 
sistant Physiologist, respectively, Special Guayule 
Research Project, Bureau of Plant Industry, Soils 
and Agricultural Engineering, U.S. Department of 
Agriculture, Salinas, Calif. The present address of 
Dr. McRary is University of California, Santa Bar- 
bara, Calif. 


The data, in addition to yielding some in- 
formation on the above points, also indi- 
cate the changes in carbohydrates and 
resins induced by the various drought 
conditions. 

Methods 

Nursery plants seeded in the spring of 
1943 were dug the first week in March, 

1944, and were carefully selected for uni- 
formity of crown diameter between 
and -g-Y inch. All leaves and any stem tis- 
sues more than 2 inches above the crown 
were pruned off. Large wooden boxes 
14 X 14 inches square and 20 inches deep 
were filled to a depth of 3 inches with 
coarse gravel to allow for drainage and 
then to within an inch of the top with 
soil consisting of a mixture of two parts 
of soil (Chualar loam), one part of leaf 
mold, and one-half part of sand by vol- 
ume. The plants were set in these boxes 
on March 6, 1944, one plant per box. Fol- 
lowing a period of 2 months in the green- 
house at 60^-70^ F., they were placed 
outside until September 27. Only 0.62 
inch of rain fell during this outdoor peri- 
od. From the time of return to the green- 
house until the final sampling on May 6, 

1945, the plants grew at a temperature 
between 70° and 80° F. 

Four different treatments were ap- 
plied: (A) plants grown continuously 
with abundant water (low moisture 
stress) ; (B) plants grown for 2 months 
under low moisture stress followed by 2 
months of drought (high moisture stress) , 
with this cycle repeated until the end of 
the experiment — a total of four wet and 
three dry periods; (G) plants grown for 
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4 months under low moisture stress fol- 
lowed by 4 months under high moisture 
stress, with this cycle repeated until the 
close of the experiment; (D) plants 
grown for lo months under low moisture 
stress followed by 4 months under high 
moisture stress. 

The experiment was designed to last 
16 months, but, because of the discon- 
tinuance of the project, the final harvest 
was made 2 months ahead of schedule. 
Thus, the final results on treatment B 
were obtained at the close of a wet, rather 
than a dry, period, and those on treat- 
ment C were taken after a drought period 
of 2, instead of 4, months. 

The moisture stresses or degrees of soil 
drought to which the plants were sub- 
jected were indicated by the electrical 
resistance method described by Bouyou- 
cos and Mick (3). The plaster of Paris 
blocks were buried To inches from the 
surface of the soil in several of the boxes. 
The resistance of the blocks with mois- 
ture content of the soil at field capacity 
was about 300 ohms; at the wilting- 
point, between 450,000 and 600,000 ohms 
(5, 8). When the plants were grown in 
the presence of abundant soil moisture 
(low moisture stress), it was endeavored 
to maintain the resistance of the blocks 
between 300 and 800 ohms, although on 
occasion the moisture stress became 
higher and the resistance rose to as high 
as 3,000 ohms. However, under the lat- 
ter condition the plants never showed 
any signs of wilting even in the middle of 
the day. When the plants were grown 
under conditions of high moisture stress, 
the procedure was similar to that rec- 
ommended by Hendkickson and Vieh- 
MEYER (6), The soil was allowed to 
dry until the resistance of the blocks 
reached approximately 250,000 ohms. 
Then enough water was added to reduce 
the resistance to about 300 ohms (field 


capacity of the soil), and the soil was 
again allowed to dry until the resistance 
reached 250,000 ohms. This cycle was 
repeated throughout the dry period. 

The amount of water required to cause 
a drop in resistance from 250,000 to ap- 
proximately 300 ohms was between 9 and 
12 liters for each box of soil. The loga- 
rithms of the resistances in ohms of the 
blocks in treatments A, B, and C from 
November 6 to May 6 are shown in fig- 
ure I. The resistance curve in treatment 
D was the same as in treatment A until 
January 6, then it equaled that of B and 
C during their drought periods. The 
curve of treatment A is the mean of three 
replications, treatment B of five, and 
treatment C of two. 

Plants from the various treatments 
were harvested at the end of each period 
of moisture stress. Thus plants of treat- 
ments A and B were harvested every 2 
months ; of treatment C, every 4 months ; 
and of treatment D, after 10 and 14 
months. Five replications of three plants 
each were harvested on each date. The 
various determinations were made on 
each replication. The treatments and 
replications were arranged in a random- 
ized block design, the Randomization 
scheme being taken from Tippets’ 
dom Sampling Numbers (12). Analyses of 
variance were carried out on the data 
obtained. 

In harvesting the plants a steel bar 
was driven into the soil about 2 or 3 
inches from the main tap root. Leverage 
was then applied so as to lift the plant 
out of the ground. This is an undesirable 
way to harvest the roots as the many 
small rootlets break off and are left be- 
hind, and only the main tap roots and 
the larger lateral roots are obtained. 
Tests indicated that on a dry-weight 
basis about 15-20% of all roots present 
were left behind by this manner of har- 
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vesting. When the data on the roots are 
being considered, this source of error 
must be taken into account. The por- 
tions of the plants thus recovered were 
comparable with those recovered by 
methods of digging in the field, and the 
data are thus of value in indicating, re- 
sults that would have been obtained from 


of the fresh material in a ventilated 
dryer at 65° C. for 48 hours. The carbo- 
hydrate fractions, free sugars, levulins, 
and inulin were analyzed according to 
the method described by Traub and 
Slattery (15), and pentosans by the 
method of McRary and Slattery (ii). 
Rubber and resins were determined by 




Fig. I.—- Moisture stress in different treatments from November 6 to May 6 expressed as log^® of resist- 
ance of Bouyoucos blocks in ohms. Value of 2.48 represents field capacity; 5.65-5.78 the wilting-point. 
Treatment A, solid line; treatment B, broken line; treatment G, dotted line. 


field plantings grown under similar cli- 
matic and edaphic conditions. 

After the plants were removed, the 
roots, stems, and leaves were separated. 
The fresh weight, percentage moisture, 
and dry weight of these fractions of each 
replication of each treatment were de- 
termined separately. The carbohydrate, 
rubber, and resin contents of these plants 
were also determined. 

The percentage moisture and dry 
weights were obtained by drying aliquots 


the turbidimetric method described by 
Traijb (13). 

Results 

Effect on dry weights 

The most pronounced effect of the 
treatments was found in the weight of 
the leaves (table i). High moisture stress 
caused a reduction in leaf weight. On the 
addition of soil moisture, the leaf weight 
never increased to that of plants grown 
under continuous low moisture stress. 
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The increases in dry weights of the roots 
and stems in treatment C and D (see also 
fig. 2) were limited by high moisture 
stress but to a lesser degree than those of 
the leaves. The first dry period limited 
the increase in weight of the roots and 
stems of the plants in treatment B. After 
the first cycle, however, dry weights of 
the stems at the end of each period of high 
stress in this treatment were not signifi- 
cantly different from those of treatment 
A but were significantly lower at the end 
of the periods of low moisture stress. 
These results on the stem growth of 


plants in treatment B cannot be ac- 
counted for, but they seem to be related 
to the proportion of leaves to stem at 
each change of moisture stress coupled 
with the relative short duration of the 
high stress period. 

The greatest differences in dry weights 
were not between treatments but be- 
tween dates. The proportionate increases 
were greater during the period from 
March to September than from Sep- 
tember to March regardless of treat- 
ment. The enormous increase in dry 
weight between March and May, 1945, 


TABLE 1 

Dry weight per plant (grams) of guayule grown under low and high soil moisture 

STRESSES IN CYCLES OF DIFFERENT DURATION. (VALUES IN ITALICS 
obtained AT END OF HIGH STRESS PERIODS) 


Date of harvest and age of transplants 


Plant part and 

treatment 

5 / 6 / 44 

2 mo. 

7/6/44 

4 mo. 

9/6/44 

6 mo. 

11/6/44 

8 mo. 

1/6/45 

10 mo. 

3/6/45 

12 mo. 

5/6/45 

14 mo. 

Leaves: 








A 

2.32 

9.71 

21 . 40 

29.20 

33.49 

43.41 

70.23 

B 

2.32 

5 ’90 

18.41 

15-75 

25.03 

23 '- 49 ' 

54.68 

c 

2.32 

9.71 


15-37 


33.48 

27.43 

T) 

2.32 



33.49 

27.11 

Difference required 





P<o. 05 


2.19 

2. 12 

2. 24 

i.Ss 

5.61 

4.38 

Stems: 







A . 

1.32 

4.27 

17*23 

23*47 

29.12 

36.87 

63 . 64 

B 

1.32 

3-34 

14.30 

23-59 

26.54 

- 35-01 

S4.81 

C . . 

1 . 32 

4.27 


20.02 


28.32 

4 g.g 7 

D 

1.32 



29.12 

40-93 

Difference required 





P<o. 05 


0.66 

1.98 

3.19 

I.7S 

3.44 

5.56 

Roots: 



A 

1.29 

4.08 

7.62 

9.04 

12.50 

13.25 

18.18 

B 

1.29 

3 <^7 

5 * 54 

S -75 

10.60 

11.07 

17.32 

c 

1 . 20 

4.08 


S -37 


II. 24 

14. 04 

D ..... 

1,29 


12.50 

11.84 

Difference required 





P<'o.o5 


* 

0,91 

* 

1.52 

1.69 

2.46 

Total: 




A 

4.93 

18.06 

46.2s 

61. 71 

75.11 

93.53 

152.05 

B 

4.93 

i2,gi 

38.2s 

48. og 

62.17 

6g.S7 

126.81 

c .. 

4*93 

18.06 


43-76 


73-04 

gi .44 

D. 

4-93 



7 S.ir 

7g.88 

Difference required 





P<o.os 


385 

4.63 

4.19 

s.is 

S.93 

10.40 


* Not significant. 
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is of interest as it occurred in all treat- 
ments but not to such an extent in dry 
treatments as in wet. As the available 
moisture and temperature were varied 
over the same ranges during both periods 
of the year, these results emphasize the 
importance of some other factor associat- 
ed with season, such as hours of sunlight 
or day length, on the growth of guayule. 

At the close of the experiment the 
plants in treatment A had the greatest 
amount of rubber-bearing tissue (stems 
and roots) and those in treatment D the 
least, with weights of the plants of treat- 
ments B and C falling in between (fig. 2). 


Carbohydrate content 

The percentages of free sugars, levu- 
lins, and inulin on the various harvest 
dates are shown in table 2. Of these 
water-soluble carbohydrates, only the 
content of levulins in the stems and roots 
showed any marked response to the 
treatments. During periods of high mois- 
ture stress the levulin percentage in- 
creased; during periods of low moisture 
stress following a high moisture stress it 
decreased. The percentages of free sugars 
and inulin were always small and did not 
vary consistently with treatment. 

To determine whether the reductions 


age in months 

Fig. 2.— Dry weight per plant of stems and roots in different treatments 
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in percentage of levulins during periods 
of active growth following periods of slow 
growth represented a true loss, the grams 
per plant were calculated for each har- 
vest date. These results, combining the 
amounts in roots and stems, have been 


plotted in figure 3, along with the values 
for free sugars, inulin, and total water- 
soluble carbohydrates. They show that 
the absolute levulin content increased 
markedly under conditions of high mois- 
ture stress and that the levulins pre- 


TABLE 2 

Water-soluble-carbohydrate content (percentage basis) of plants grown under low 
AND HIGH soil MOISTURE STRESSES IN CYCLES OF DIFFERENT DURATION. (VALUES IN ITALICS 
OBTAINED AT END OF HIGH STRESS PERIODS) 


PLANT PART AND 

TREATMENT 

Date oe harvest and age oe transplants 

s/^/44 

2 mo. 

7/6/44 

4 mo. 

9/6/44 

6 mo. 

11/6/44 

8 mo. 

1 / 6/45 

10 mo. 

3/6/45 

12 mo. 

5/6/45 

14 mo. 


Free sugars* 

Leaves: 








A 

0.48 

1. 10 

0.91 

0.41 

0.42 

0.41 

0.65 

B 

.48 

a.( 5 p 

I . or 

•51 

.33 

• 4 J 

.90 

C 

■48 

1. 10 


.46 


.37 

.71 





D.. 

.48 




.42 


•79 






Stems: 








A................ 

.6? 

0.71 

0. 2f> 

.36 

.20 

.30 

.37 

B 

.65 

0.71 

0.41 

. 60 

.34 

.55 

• 0 / 

.33 

C ......... ...... 

.65 

0.71 


.67 


.26 

,62 

D... ...... ...... 

■65 


•39 


.5^ 






Roots: 








A. 

.55 

0.56 

0. 29 

.34 'i 

.31 

.37 

•49 

B 

• 55 

0.77 

0.34 

.44 

.32 

‘51 

.46 

C. 

.55 

0.56 


0:47 


0.33 

.42 

D............ .. .. 

0.55 


0.31 

0.41 







Levulins* 

Leaves: 








A 

0. 46 

0.85 

1.42 

0-59 

0.49 

0.48 

0.57 

B 

0.46 

o,6g 

1 . 61 

0 .S 4 

0.48 

0.38 

0-53 

C 

0.46 

0.85 


0.66 


.0.40 


D 

0.46 


0.49 

0-57 






Stems: 








A 

1.30 

4.75 

3-26 

1. 91 

2.44 

1.80 

1,26 

B . . 

1.30 

7.82 

3-07 

5-25 

1.88 

3‘47 

0.89 

C 

1 . 30 

4.75 


S.60 


1.33 


D 

1.30 


2.44 

4.71 

Roots: 





A 

2.37 

5-24 

3.25 

2.13 

2.56 

2.73 

1.20 

B 

2.37 

IX. 07 

2 - 95 

S- 7 S 

2. 78 

5.S5 

0.61 

C 

2.37 

S -24 


6.2g 


2.25 


D 

2.37 


2.56 

6.dj 







*** Difference required for significance (P < o.os) between means: free sugars, 0,22; levulins, 0.78; inulin, 0.19. 
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TABLE 2 — Continued 


PLANT PART AND 

TREATMENT 


Date op harvest and age op transplants 


s/6/44 

2 mo. 

7/6/44 

4 mo. 

9/6/44 

6 mo. 

n/6/44 

8 mo. 

1/6/4S 

10 mo. 

3/6/45 

12 mo. 

s/6/4.5 

14 mo. 


Inulin* 

Leaves: 








A....... 

0.05 

0.33 

0.52 

0,42 

0.42 

0.36 

0.41 

B 

.05 

.44 

.41 

■45 

.66 

■4S 

• 35 

c. 

.05 

•33 


■50 


.48 

.27 




D. 

.05 




.42 


.42 

Stems: 





A 

.27 

.06 

.19 

•25 

.39 

. 12 

.IS 

B. 

.27 


. 20 

■15 

.18 

■53 

•19 

c 

. 27 

.06 


■52 


. 26 

.40 

D . 

.27 



•39 


.21 

Roots: 






A 

. II 

. 21 

. 20 

. 22 

.31 

. 26 

.10 

B. . 

. II 

.28 

0.13 

■13 

.25 

.25 

,23 

c .. 

. II 

0. 21 


O.IQ 


0. 19 

.25 

D . . . . 

0. II 



0.31 

0,38 









viously stored disappeared when the than plants grown under low moisture 
plants were changed from high to low stress. This one exception (treatment C, 
moisture stress. Such large changes did May, 1945, harvest) occurred while large 
not occur in content of inulin and free quantities of levulins were accumulating 
sugars; hence the levulins appear to be (fig. 3C). In this instance the levulins 
the important reserve carbohydrates. may have been forming at such a rapid 
Traub and Slattery (16) have point- rate that the low-molecular-weight type 
ed out that the levulins may be frac- was being produced at a greater rate 
donated into two major portions, the than the high-molecular-weight type. 
89%-ethanol-soluble and the 89%-etha- When the moisture stress was changed 
nol-insoluble fractions. Their evidence from low to high, the percentage of the 
also indicated that the former were of a 89%-ethanol-soluble fraction of the leyu- 
much lower molecular weight and hence lins decreased; when changed from high 
of lower polymer type than the latter, to low, it increased. It is interesting that, 

They also emphasized the importance of although periods of high stress induced 

determining these two fractions in phy si- an increase in the proportion of high- 

ological experiments with guayule. In molecular-weight levulins, it had little 

table 3 are shown the percentages, in the effect on the inulin content. 

stems and roots of the plants, of the total Under the conditions of the experi- 

levulins that are insoluble in 89% etha- ment there was no correlation between : 

nol— the fraction with higher molecular the moisture stress under which the 

weight. With one exception, plants plants were growing and the percentage 

grown under high moisture stress showed of pentosans (table 4). The percentages 

a greater proportion of their levulins to increased to a maximum about the No- 

be of the higher-molecular-weight type vember 6 or the January 6 harvest and 
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Resin content 

The resin percentage was not affected 
greatly or in any consistent manner by 
moisture stress but did vary seasonally 
(table s) . It generally increased in leaves 
and stems up to the September and No- 


then decreased to the end of the experi- 
ment. Thus, in contrast to the so-called 
^Vater-soluble carbohydrates” (table 2), 
the pentosan content was more affected 
by season of the year than by moisture 
stress. 


HIGH LOW HIGH LOW HIGH LOW 


HIGH 


AGE OF PLANTS M MONTHS AND SOIL. MOISTURE STRESS. 


Fig. 3 .— Grams of free sugars (5), levulins (X), inulin (/), and total (T) per plant in different treatments 
at indicated ages following periods of low or high soil moisture stresses. 


Of the carbohydrates determined, the vember harvests, respectively, and then 
levulins were the most important re- decreased until the May 6 harvest. In 
serve compounds. Traub (14) has shown the roots the percentage gradually de- 
that the pentosans may serve as reserve creased from the start to the close of the 
compounds under severe conditions, but experiment. 

it would seem that the conditions in these The grams of resins per plant (stems 
experiments did not induce their utiliza- and roots combined) on the various har- 
tion in this manner. vest dates increased steadily up to the 
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November 6 harvest (fig. 4). Between 
November 6 and January 6, plants of 
treatments A, B, and D actually lost res- 
ins, but after January 6 they continued 
to gain in resins until the final harvest. 
The loss cannot be accounted for, but, 
because it occurred in all treatments, it 
is suggested that the season of the year 
from November 6 to January 6 is unfa- 
vorable for the formation of resins in 
guayule plants grown under these condi- 


high moisture stress increased more, or 
decreased less, than the percentage in 
plants under low moisture stress. The 
grams of rubber per plant during this 
time increased more in the plants under 
high moisture stress than in those under 
low moisture stress (fig. 4) . 

From the November 6 harvest until 
and including the March 6 harvest, the 
percentage of rubber in the roots and 
stems in all treatments decreased, re- 


TABLE 3 



PERCENTAGE OF LEVULINS INSOLUBLE IN 89% ETHANOL IN PLANTS GROWN UNDER LOW 
AND HIGH SOIL MOISTURE STRESSES IN CYCLES OF DH'FERENT DURATION. 

(Values in italics obtained at end of high stress periods) 


Date of harvest jVnd age of transplants* 


Plant part and 

TREATMENT 


7/6/44 
4 mo. 


9/6/44 
6 mo. 


11/6/44 
8 mo. 


Stems: 


* DlSerence required at P < 0.05: between means, 10.1%; for interaction, i4.3%< 


tions of temperature and moisture in the gardless of moisture stress. This decrease 
greenhouse. in percentage was greater in plants grown 

with low moisture stress following high 
Rubber content moisture stress (treatment C) than in 

The rubber content in the leaves was plants under continuous low moisture 
always less than i% (table 6). The only stress (treatment A). During this same 
significant change that occurred in the penod there was only a slight increase in 
leaves in all four treatments was the grams of rubber in the roots and stems 
marked increase in both percentage and of plants grown under either high or low 
grams per plant between the last two moisture stress. 

harvest dates. Except for stems in treatment B, the 

During the first 8 months of the ex- percentage of rubber in the roots and 
periment or up to the November 6 har- stems of all treatments increased marked- 
vest, the percentage of rubber in the ly from March 6, 1945, to May 6, 1945. 
roots and stems of plants growing under The greatest increase was in plants of 


TABLE 4 


Pentosan content of plants grown under low and high soil moisture stresses in 

CYCLES OF DIFFERENT DURATIONS. (VALUES IN ITALICS OBTAINED AT 
END OF HIGH STRESS periods) 


Plant p.\nT 

AND TfiEATilENT 

Date of harvest and age of plants* 

5/6/44 

2 mo. 

7/6/44 

4 mo. 

9/6/44 

6 mo. 

11/6/44 

8 mo. 

1/6/4S 

10 mo. 

3/6/45 

12 mo. 

5/6/45 

14 mo. 


Per cent 

Leaves: 








A. 

2.1.3 

2.72 

3.33 

2.79 

2.13 

i.ss 

1.69 

B 

2.13 

3,20 

3.13 

3 -Og 

2.00 

1. 88 

1-97 

C 

2 I ^ 

2. 72 


3-27 


1.72 

j.p 5 

D 

2. 13 


2.13 

2.04 

Stems: 





A 

2. 13 

2.46 

2.86 

2.54 

2.42 

2-37 

1.97 

B 

2.13 

2.42 

2.64 

2. 72 

2. 17 

2.ig 

1.82 

c. 

2.13 

2.46 


2. 68 


2.4s 

j . 77 

D 

2.13 



2.45 

2.0'/ 

Roots: 





A. ...... .. 

I -35 

1.43 

1.37 

1. 19 

1.49 

1.26 

1.06 

B 

1-35 

1.32 

1.39 

1,32 

1-53 

1.23 

1 . 10 

C........ . 

1*35 

1-43 


1.36 


1.31 

1 .10 






D. 

1.35 




1.49 


1 . 22 








Grams per plant 

Leaves: 








A 

0.049 

0.264 

0.712 

0.815 

0. 713 

0.686 

1.187 

B 

.049 

. i8g 

•576 

.5B1 

.501 

.442 

1.077 

C 

.049 

. 264 


■503 


‘S76 

(>■535 




D. 

.049 




• 713 


0.553 






Stems: 

• 







A. 

. 028 

.105 

•493 

•396 

.705 

.874 

1.254 

B.. ...... 

,028 

.081 

•378 

,642 

• 576 

.767 

0.998 

G. ........ 

.028 

.105 


■537 


.694 

0.884 





D, 

.028 




.70s 


0.847 

Roots: 






A. .. ..... 

.017 

.058 

.104 

. 108 

.186 

.167 

0.193 

B 

.017 

048 

0.077 

.116 

. 162 


0. I9I 

C.. ...... 

.017 

0.058 


0. IJ4 


, 0,147:;; 


B 

0.017 


0.186 

U. 

0.144 







* Difference required for significance (JP < 0.05): between means of percentages, 0.35; between means of grams per plant, 0.206 
tor leaves, 0.183 for stems, and 0.35 for roots from November 6 harvest to end of experiment. 
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treatment C, which were growing under 
high moisture stress following a period of 
low moisture stress. The least increase — 
or a decrease — occurred in the plants of 
treatment B that were growing under 
low moisture stress following high mois- 
ture stress. The percentage of rubber in 
treatment D increased from January 6 to 
May 6. The grams of rubber per plant in 
the roots and stems increased markedly 


tion, the grams of rubber in the plants 
grown under continuous low moisture 
stress {RU-L) are shown in sections B, 
C, and D. The progressively larger 
amounts of rubber in the plants at the 
end of each period of high moisture stress 
above that of the plants grown under 
continuous low moisture stress (treat- 
ment B, March harvest, excepted) are 
clearly shown. The highest yield ob- 


TABLE 5 

RESIN CONTENT (PERCENTAGE) OF PLANTS GROWN UNDER LOW AND HIGH SOIL MOISTURE 
STRESSES IN CYCLES OF DIFFERENT DURATIONS. (VALUES IN ITALICS OBTAINED 
AT END OF HIGH STRESS PERIODS) 


Date or harvest and age of pl^vnts* 


Plant part 

AKD TREATMENT 


7/6/44 

9/6/44 

11/6/44 

4 mo. 

6 mo. 

8 mo. 

5-72 

6 . 63 

4.40 


5 - 6 i 

4.64 

5.72 


5 - 3 ^ 

S -^3 

4.70 



6,34 

S -77 

S-I 3 

6.2y 

5 - 13 


6.8g 

5-69 

■ 

4.03 

5^50 

6.02 

4.13 

S -44 

S' 69 

. 1 


5. <54 

' i 




* Difference required between means at P < o.os is 0.48%. 


in all treatments in the last 2 months of 
the experiment. The increase was great- 
est in treatment C. An analysis of vari- 
ance showed a highly significant inter- 
action between the contents on March 6 
and May 6 between treatments A and C. 
This indicated that the rate of accumula- 
tion of rubber was higher in treatment C 
than in treatment A. 

The grams of rubber per plant in roots 
and stems are shown in figure 4 for the 
different treatments (RU), and, in addi- 


tained was from treatment C. Its final. 
yield was 2.247 grams per plant as com- 
pared with 1. 413 grams per plant in 
treatment A, a difference of about 59%. 
At the end of 8 months, treatment C had 
also yielded the most rubber per plant. 
At the close of the experiment, treat- 
ment D had produced barely significant- 
ly more rubber than treatment A. During 
the early part of the experiment, treat- 
ment B showed more rubber per plant at 
the end of periods of high moisture stress 
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than treatment A, but at the end of the 
experiment there was no difference be- 
tween them. 

Discussion 

The yield of rubber per plant is the 
product of the growth of the plant (dry 


of the year, such as length of day, light 
intensity, or hours of sunlight. High 
moisture stress tended to retard growth, 
although the amount of retardation 
varied with the season. Thus, regardless 
of moisture stress, the plants in all 
treatments showed the highest rate of 



Fig. 4. — Grams of resin (RE); rubber (jRi7); and rubber in treatment A (RU-L)^ in roots and stems of 
plants in different treatments following growth under conditions of low and high soil moisture stress. 


weight) and of the proportion (percent- 
age) of this weight that is made up of 
rubber. The results obtained in this ex- 
periment demonstrate two interacting 
conditions that affect these two determi- 
nants of rubber yield. These are moisture 
stress and some condition other than 
temperature associated with the season 


growth between March and May, 1945, 
and the lowest rate during the months 
just preceding (fig. 2). High moisture 
stress, except for the period from No- 
vember 6 to March 6, tended to cause an 
increase in the proportion of rubber. 
This increase more than offset the de- 
crease in growth rate, so that more 
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grams of rubber per plant were obtained 
under conditions of high moisture stress 
than low moisture stress. 

The results show that guayule grown 
under alternating conditions of low and 
high moisture stress will contain more 
grams of rubber per plant than will 
plants grown continuously with low 
moisture stress and that the amount of 
the difference will be enhanced with each 


pensate the relative loss in dry weight in 
affecting the yield of rubber per plant. 
Under the conditions of these experi- 
ments, a 2-month high-stress period was 
too short and a 4-nionth high-stress pe- 
riod resulted in a much higher rubber 
yield under as nearly identical conditions 
as could be obtained (fig. 4, at age of 
8 months). Under other conditions, or 
with older plants, stress periods of dif- 


TABLE 6 

RUBBER CONTENT (PERCENTAGE) OF PLANTS GROWN UNDER LOW AND HIGH SOIL MOISTURE 
STRESSES IN CYCLES OF DIFFERENT DURATIONS. (VALUES IN ITALICS OBTAINED 
AT END OF HIGH STRESS PERIODS) 




Date or harvest and age 

OF PLANTS* 



Plant part 






and treatment 

7/6/44 

9/6/44 11/6/44 

1/6/45 

3/6/45 

5 / 6/45 

2 mo. 

4 mo. 

6 mo. 8 mo. 

10 mo. 

12 mo. 

14 mo. 

Leaves: 






A 0.31 

0 - 3 S 

0.39 0.42 

0.34 

0. 18 

0. 64 

B 0.31 

0.38 

0.52 0.43 

0.30 

0 - 3 S 

0.47 

r 0.31 

0 ^5; 

0.44 


0. 29 

0.8s 

D 0.31 



0.34 


0.86 

Stems: 






A 2.52 

0.41 

1.2$ 2 . 16 

1.84 

1.50 ' 

1 . 70 

B 2.52 

1.48 

I. 18 

2 .2$ 

2. IS 

1.79 

P 'a 52 

0.41 

3.36 


2.83 

3-37 

n 2 52 



1.84 


2.74 

Roots: 






A 3*32 

3.64 

2.02 2.65 

2.50 

1.40 

1.82 

B 3-32 

S' 23 

2.69 3.82 

3-35 

2.16 

2.37 

P 222 

. 64. 

4.48 


2. 5S 

4.02 

222 

0 ' 


2.50 


3 'S^ 

-c/ O' 0^ 







* Difference required for significance (P < 0.05) between means: 0.13 for leaves, 0.65 for steins and roots. 
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successive period of high stress. If the 
duration of these periods is too short, the 
increase in proportion of rubber will little 
more than offset the limitation on dry- 
weight increase so that the product of 
dry weight by rubber percentage will 
only slightly exceed that of plants grown 
in continuous low moisture stress. It is 
conceivable, also, that if the periods of 
high stress were too long, the growth of 
the plant might be so limited that the 
increased rubber content would not com- 


ferent duration would probably be more 
desirable. The ideal for which to strive 
would be a high-stress duration which 
would induce the maximum increase in 
proportion of rubber with minimum 
effect on the increase of dry weight. 

If periods of high moisture stress are 
to be used practically in increasing the 
yield of rubber, the results emphasize 
the importance of the time of year in ap- 
plying the high-stress treatments. Dur- 
ing the period from November 6 to 
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March 6, conditions in this experiment 
were unfavorable to the formation of 
rubber, and periods of high stress did not 
induce an increase in rubber content. 
The most favorable time appears to be 
the spring, when conditions favored both 
growth and the accumulation of rubber. 
Plants subjected to high moisture stress 
during this period practically doubled 
their absolute rubber content in 2 months 
(treatment C [fig. 4])* 

Because of the seasonal effect, un- 
known before the experiment was start- 
ed, the results offer little information as 
to whether rubber accumulates in a full- 
grown plant or must be formed as the 
plant develops. They seem to indicate 
that, for highest rubber yield, the rubber 
should be accumulated in the plants as 
they grow, since the plants of treatment 
C had a higher rubber percentage and a 
greater absolute rubber content than 
those of treatment D. However, the 
plants of treatment D began and under- 
wetit the first half of their dry period dur- 
ing the season when no measurable 
amount of rubber was formed in any of 
the treatments. It may be that the rub- 
ber percentages in the plants in those 
two treatments would have differed less 
if their final dry periods had started and 
ended at the same time. The comparison 
of grams of rubber per plant in treat- 
ments B and C was made after 8 months 
instead of at the end of the experiment, 
because treatment B ended after a low- 
stress period and treatment C after a 
high-stress period. 

Milled rubber from guayule contains 
as high as 20% of resin as an impurity. 
Any treatment which would reduce the 
resin content of the plant and increase 
its rubber hydrocarbon content would be 
highly desirable. However, in these ex- 
periments the grams per plant and per- 
centage of resin varied in much the same 


manner as the rubber hydrocarbon in re- 
sponse to the various treatments. 

Although season of the year influenced 
the amount of change in rubber and resin 
content of the plants brought about by 
conditions of high and low moisture 
stress, it had little effect on the changes 
in the carbohydrate content in response 
to these conditions. Thus the free-sugar, 
inulin, and pentosan content showed no 
marked response to changes in soil mois- 
ture stress at any season of the year. On 
the other hand, the levulin content al- 
ways increased during periods of high 
moisture stress and decreased during the 
following periods of low moisture stress. 
This again points to the importance of 
the levulins as reserve carbohydrates. 

Summary 

1. Guayule nursery-transplants were 
grown for 14 months in alternating peri- 
ods of low and high moisture stress of 
different durations. The dry weights and 
the carbohydrate, resin, and rubber con- 
tents of the plants were determined at 
the end of each period of moisture stress. 
During periods of high moisture stress, 
the rate of increase in dry weight of the 
entire plant was depressed, but most of 
this could be accounted for by the effect 
on leaf weight. The percentages of levu- 
lins, in roots and stems especially, during 
these periods increased markedly, while 
the percentages of the other carbohy- 
drates— sugars, inulin, and pentosans — 
remained fairly constant. Except for the 
period from November 6 to March 6, the 
percentages of rubber increased during 
periods of high stress at a more rapid 
rate than during periods of low stress, 

2. During periods of low stress follow- 
ing high stress, the percentage and abso- 
lute content of levulins per plant de- 
creased. This indicated that the levulins 
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were serving as the principal reserve 
compounds^ inasmuch as the amount of 
the other carbohydrates did not change 
greatly. 

3. The rubber content on a grams-per- 
plant basis generally increased through- 
out the experiment, except for the period 
November 6~March 6, when it did not 
change. With this exception, the increase 
was greater during periods of high mois- 
ture stress than during low moisture 
stress. The absolute rubber content per 


plant was further increased, above that 
of plants continuously on low moisture 
stress, after each successive period of high 
moisture stress. 

4. The results indicate that rubber ac- 
cumulation can be forced in guayule 
plants by alternating periods of low and 
high moisture stress but that the periods 
of high stress must not be too short and, 
to induce maximum yields, should occur 
during seasons of the year other than the 
winter months. 
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EFFECTS OF FRUIT THINNING ON ALMOND FRUITS AND SEEDS 

GEORGE A. BAKERS ANB REID M. BROOKS^ 


Introduction 

In 1939 Brooks (i) initiated studies 
on growth of the fruit and seed of the 
almond; growth was presented as aver- 
ages of measurements at uniform time 
intervals on the linear dimensions of 
various parts of fruits and seeds of the 
Nonpareil and Texas varieties. The pres- 
ent study will indicate the effects of 
thinning for Nonpareil on the averages 
and variances (as functions of time) of a 
linear-dimension, fruit-cheek diameter; 
on the means, variances, and correla- 
tions for three variables, namely, final 
fruit-cheek diameter, seed-cheek diame- 
ter, and seed weight; on the yield of seed 
per 100 leaves; and on the weight of new 
terminal wood per 100 leaves. 

Material and methods 

A mature, healthy, bearing tree of 
Nonpareil was selected in the almond- 
variety collection of the University of 
California at Davis; a fundamental as- 
sumption (3) was made that each limb 
(2 inches in diameter or larger) behaves 
as a unit independent of adjacent limbs. 
On March 21, 1944, on this tree, 335 fruits 
were tagged and their cheek diameters 
measured. They were selected by inspec- 
tion as the largest per spur (average 
cheek diameter of 6.942 mm.) and were 
well scattered among the lower branches 
of the tree; these almonds are referred to 
as ^'un thinned.^’ On the same day a 
branch about 2 inches in diameter on the 
southeast side was thinned to the one 
largest fruit per spur, all removed fruits 
being saved and measured. The total, in- 

* Assistant Statistician, ^Assistant Romologist; 
California Agricultural Experiment Station, Davis. 


eluding those left on the branch, was 
2766 fruits, with an average cheek di- 
ameter of 4.984 mm. and with a stand- 
ard deviation of 1.119 mm. The lot of 
350 tagged fruits left on the branch is 
called the ^^first thinning’’ and had an 
average cheek diameter of 6.908 mm. 

On March 22, 1944, another branch, 
about 4I inches in diameter, on the op- 
posite side of the tree was selected and 
thinned more severely, the largest fruit 
per spur again being selected with each 
selected fruit at least 6 inches from its 
closest neighbor. The removed fruits were 
saved and measured. In all there were 
1623 fruits (including those left on the 
branch) with an average cheek diameter 
of 5.360 mm. and with a standard devia- 
tion of I. no mm. The lot of 188 tagged 
fruits remaining on the limb is known as 
the ‘^second thinning” and had an aver- 
age cheek diameter of 7.149 mm. 

On May 16 and 23, 1944, all fruits re- 
maining on a i|-inch limb near the first 
thinned limb were tagged and measured. 
Some of these 65 fruits had been meas- 
ured throughout the season. This lot is 
the ^^unthinned i|-inch branch.” 

This variety was in full bloom on 
March 4, 1944. At the time of thinning 
the jackets (floral envelopes) had split on 
the majority of fruits. None of the jackets 
had fallen, but all were removed before 
measurements were made. 

One can understand the difference in 
thinning more precisely by observing 
that on May ii the number of leaves per 
original tagged fruit was eighteen for the 
first thinning and fifty-eight for the sec- 
ond thinning. The cheek diameters of 
these fruits were measured again on 
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March 28; April 4, ii, 18, 25; and May 2, 
9, 16, 23. On August 8 the fruits were 
mature and were harvested; weights of 
seeds on a comparable moisture basis 
were recorded on August 17-19. The 
weight of wet new terminal wood on each 
branch included in the experiment was 
determined at harvest time by clipping 
and weighing the current-season growth 
in length. 

The standard deviation of an individu- 
al measurement on cheek diameter of a 
fruit was estimated from the last two sets 
of measurements to be 0.23 mm. 

Results and discussion 

Effect of thinning on growth and 
DISPERSION of fruit-cheek 
DIAMETER 

It is to be expected that thinning will 
result in increased relative size of fruits. 


the beginning of the period (March 21, 
1944). The average for the second thin- 
ning was slightly higher than for the 
other two categories; but the measure- 
ments were made the next day, March 22 
— a fact that probably accounts for the 
difference. At the end of the season the 
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Fig. 2. — ^Variances at weekly intervals of the 
cheek diameters of Nonpareil almonds for three de- 
grees of thinning, Davis, California, 1944. 

averages of the fruit-cheek diameters of 
all categories were statistically signifi- 
cantly different. 

The effect of thinning on the variances 
of the cheek diameters of fruits that re- 
mained on the tree until harvest seems 
to be less consistent. The variance curves 
(fig. 2) for the different categories are 
strikingly parallel throughout the sea- 
son, with distinct peaks in midseason. In 
all cases the variances increase, reach a 




Fig. i.”Average cheek diameters at weekly in- maximum value, decrease, reach a rela- 
tervals for Nonpareil almonds for three degrees of minimum value, and then increase 

thmmng, Davis, California, 1944. slightly. These features of the Variance 

Figure i shows the extent to which this curves probably reflect the nonsyn- 
rule held true for fruits that remained on chronism of the growth curves of indi- 


the tree until harvest. From the values of vidual ahnond fruits. 



At the beginning of the season the 
variances for both the unthinned and 
the second thinning were greater than 
the variance of the first thinning. At the 


averages and variances (figs, i and 2) it 
follows that the averages of the fruit- 
cheek diameters of unthinned and first 
thinning did not differ significantly at 
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end of the season the variance for the sec- 
ond thinning is significantly greater than 
for the first thinning (P < o.oi) ; the 
variances for the unthinned and second 
thinning are not significantly different; 
the variances for unthinned and first 
thinned are significantly different (P < 
0 . 0 $). These differences in variances do 
not result from differences in methods of 
selection, since the largest fruit per spur 
was selected in each case. In general, one 
would expect the unthinned fruits to 
show as great variation as any of the 
other categories, or greater, since these 
fruits are a sample from a population 


thinning are highly significantly differ- 
ent and are in the order named for in- 
creasing weight (table i). The variance 
of the unthinned seed weights is greater 
than those of the first thinning (P < 
0.05) and second thinning (P < o.oi). 
The variance of the first- thinning seed 
weights is not significantly different 
from that of the second thinning, but the 
variances do decrease as the degree of 
thinning increases. 

The unthinned do not differ signifi- 
cantly from the first thinning in average 
seed-cheek diameter. The first thinning 
and second thinning, also the unthinned 


TABLE 1 


Numbers of measurable seeds, average seed weights, average seed-cheek 

DIAMETERS, AND VARIANCES FOR NONPAREIL ALMONDS FOR DIFFERENT 
DEGREES OF THINNING, DAVIS, 1944 


Degree of 
thinning 

No. of seeds 

Average seed 
weight 
(gm.) 

Variance of 
seed weight 

Average seed 
cheek 
(mm.) 

Variance of 
seed cheek 

Unthinned ij-inch 
branch .i 

37 

I. 0710 

0.00S35 

8.03 

0.3909 

Unthinned, ....... . 


1.0552 

.01582 

7.84 

.3509 

First thinning. . ..... 

250 

I.I331 

.01089 

7-77 

•2453 

Second thinning. . . . . 

153 

1.2495 

0.00971 

7.48 

0.2075 


subject to a wider range of conditions. 
The first-thinning fruits were very uni- 
form as compared with the others. Once 
the selection was made, the relative posi- 
tions of the categories with respect to 
size of variance did not change through- 
out the season. Thinning seems not to be 
effective in changing the relative varia- 
bility of the cheek diameter of fruits in 
the several categories. Apparently, how- 
ever, its effect on seeds is consistent and 
marked. 

Means, variances, and correlations 

EOR SEED WEIGHT, SEED-CHEER DIAM- 
ETER, AND PINAL PRUIT-CHEEK DI- 
AMETER 

The average weights of seeds for the 
unthinned, first thinning, and second 


and second thinning, are highly signifi- 
cantly different in this measurement. 
The order for decreasing seed-cheek di- 
ameter is unthinned, first thinning, and 
second thinning. The variance of seed- 
cheek diameter for un thinned is greater 
than the variances for the first thinning 
(P < 0.05) and sepond thinning (P < 
o.oi), but these variances for the first 
thinning and second thinning do not dif- 
fer significantly. There is, however, a 
steady progression downward in the 
variance of seed-cheek diameters as the 
degree of thinning increases. 

Thinning does not seem to have any 
striking or consistent effect on correla- 
tions between pairs of the following 
variables: final fruit-cheek diameter, 
seed-cheek diameter, and cube root of 
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weight (table 2). The cube root of weight 
is used in Qrder that the regression equa- 
tions involving weight maybe dimension- 
ally correct. The correlations between fi- 
nal fruit-cheek diameter and cube root of 
weight of the seed are uniformly high. 
The correlations between seed-cheek di- 
ameter and cube root of weight of seed 
run fairly uniformly low. Since in the lat- 
ter two cases a rough approximate stand- 
ard error of a difference is 0.12, few (if 
any) of the differences appear significant. 
A similar standard error for differences 
in correlation coefficients for final fruit- 
cheek diameter with cube root of seed 


Wrinkling of the seed coats and of the 
outer portion of the cotyledons may also 
be a factor. The correlations between 
final fruit-cheek diameter and cube root 
of weight of seed run much higher. 

That thinning induces a change in 
shape of almond seeds is borne out by 
certain observations on peaches. Davis 
(3) noticed that peaches thinned very 
early had much larger pits; that the 
seeds were long, with large suture diam- 
eters but small cheek diameters; and that 
the seed coats were wrinkled as com- 
pared with those in peaches thinned at a 
later date. Germination of early-thinned 


TABLE 2 

CORRELATIONS FOR SEED-CHEEK DIAMETER, FRUIT-CHEEK DIAMETER, AND 
CUBE ROOT OF SEED WEIGHT FOR NONPAREIL ALMONDS FOR DIFFERENT 
DEGREES OF THINNING, DAVIS, 1944 



No. of 
seeds 

Seed cheek 

Seed cheek 
vs. fruit cheek 

Fruit cheek 

Degree of thinning 

vs. cube root 
of weight 

vs. cube root 
of weight 

XJnthinned li-inch branch. . 

37 

0.27 

0.29 

0.83 

Unthinned. 

IIS 

•57 

.26 

•63 

First thinning 

250 

.45 

.48 

.82 

Second thinning. . 

153 

0.39 

0.23 

0.72 


weight is 0.05; again, the differences be- 
tween categories do not appear to be 
especially significant. Perhaps the coeffi- 
cient is low for the unthinned. For more 
exact testing see David (2) . 

In summary, thinning causes a rela- 
tive increase in weight of seeds and a de- 
crease in variability of the weights. The 
average seed-cheek diameters are less 
with increase of degree of thinning. 
Since, however, the weight increases 
with degree of thinning, evidently the 
shape of the almond has changed, be- 
coming longer, broader, or both, but 
smaller in cheek diameter. These facts 
partially explain the low correlations be- 
tween seed-cheek diameter and cube root 
of seed weight and between seed-cheek 
diameter and final fruit-cheek diameter. 


seeds was very low compared with later- 
thinned ones. These facts raise the ques- 
tion as to how the seed material is stored 
and in what order. Evidently it is laid 
down in the middle section of the seed in 
the plane of the suture and length diam- 
eters and gradually fills out as much as 
possible in the cheek diameter. Thus in 
early thinning the pits of peaches or the 
outside (pericarp) dimensions of almonds 
increase very rapidly early in the season 
because of the decrease in competition 
with fruits that normally would stay on 
relatively late. By the time seed material 
begins to be stored, the space available 
for seed growth is large; the lack of leaf 
surface and of time, as well as competi- 
tion with wood growth, prevents this 
space from being completely filled. Al- 
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though the resulting seeds are heavier, 
they are thinner in cheek diameter and 
have wrinkled seed coats. 

The unthinned i|-inch branch al- 
monds did not differ significantly from 
the un thinned in average weight of seed, 
average seed-cheek diameter, or variance 
of seed-cheek diameters. The probability, 
however, is between o.oi and 0.05 that 
the unthinned are more variable in seed 
weight than the unthinned i|-inch 
branch ones. It is important that these 
two samples can be regarded as random 


As a measure of thinning we shall take 
the number of leaves per harvested fruit 
(x) and shall express yield in terms of 
grams of seed per 100 leaves (y). If we 
plot the logarithms to the base 10 of 
y (F) against the logarithm to the base 
10 of rr (Z), we obtain three points that 
very strikingly lie on a straight line. The 
linear trend, even though based upon 
only three points, is statistically very 
highly significant (P = 0.0005). Table 3 
gives the details of determining the rela- 
tion between Z and F. 


TABLE 3 


Leaves per harvested fruit (x) and yield of seed in grams per ioo leaves G) 
FOR Nonpareil almonds for different degrees of thinning, Davis, 1944 


Degree of thinning 

X 

X-log X 

y 

F = log y 

Calculated F 

Unthinned li-inch 
branch. 

17 

1.23045 

6.399 

O.80611 

0.80594 

First thinning 

25 

1.39794 

4.506 

•65379 

. 65401 

Second thinning 

70 

1.84510 

1.772 

0.24846 

0.24839 


F = — 0.90710Z 4 - 1.92208. 

p =3 — = 2,022,000 with 2 and i degrees of freedom. 
0.0000000822 

P = 0.0005. 


samples from populations with the same 
mean, since some of the later analysis re- 
quired information for the unthinned 
category, which is available only for the 
i|-inch branch. 

It should be borne in mind in these 
tests for significant differences that the 
fruits and seeds in each category may 
differ from the fruits and seeds in the 
other categories in both their means and 
variances. 

Effect OF thinning on yield of seed 

As we have seen, thinning affects the 
weight of seed. It tends to increase the 
size of individual seeds; but with increase 
of thinning there are fewer seeds. We 
wish to express as accurately as possible 
the relation between thinning and yield. 


The corresponding relation between 
the variables x and y is 

y ^ 0.90710 * 

If the weights of the individual seeds do 
not change with degree of thinning, then 
y would vary inversely as x — -that is, 
y == k/x. But since the weight of the in- 
dividual seeds increases with the degree 
of thinning, y decreases more slowly than 
is indicated by y = -fe/x. Thus the dif- 
ference 1. 00000 — 0.90710 measures the 
ability of the remaining fruits to utilize 
the increasing leaf surface per fruit. Part 
of the energy made available by the 
leaves of a limb goes into the production 
of new wood as thinning becomes more 
extreme. 
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Effect of thinning on growth 

OF NEW WOOD 

Thinning may be expected to promote 
the growth of new wood. If we designate 
the number of leaves per harvested fruit 
by X (as before) and the grams of new 
terminal wood per loo leaves as observed 
August lo by then we find that 

2£; = 0.029333x-0.47S52 . (2) 


almond seeds. That is, heavily thinned 
almonds are long and broad across the 
suture diameter and flat or narrow in the 
cheek diameter. The correlations of final 
fruit-cheek diameter with seed-cheek di- 
ameter and of seed-cheek diameter with 
the cube root of the seed weight are very 
low. The correlations of final fruit-cheek 
diameter with the cube root of seed 
weight are much higher. 


The details of fitting appear in table 4. 2. When the logarithms of yield of 

The trend is again statistically significant seed in grams per 100 leaves (F) are 
(p = 0.02), even though we are dealing plotted against the logarithms of the 


I TABLE 4 

I Leaves per harvested fruit {%) and weight in grams of new 

I WOOD PER 100 LEAVES {w) FOR NONPAREIL ALMONDS FOR 

DIFFERENT DEGREES OF THINNING, DAVIS, 1944 


Degree of thinning 

1 2: 

w 

Calculated w 

Un thinned if -inch branch 

17 

0.0000 

0.0231 

First thinning 

25 

0.2S50 

I 0.2578 

Second thinning 

70 

1-5737 

1.5778 


-w = o.029333« — 0.47552. 

F = = 1089. 

0.001290 

P = 0.02. 




with only three points. From equation number of leaves per harvested fruit 
(2) w is zero when = 16.2. Thus, (X), a very striking straight-line relation 
roughly, the weight of new terminal wood results, with the coefficient of X some- 
per 100 leaves is proportional to the num- what less than i (0.90710). If the num- 
ber of leaves per harvested fruit minus ber of leaves per fruit did not affect the 
the number of leaves per harvested fruit size of the seeds, then the coefficient of 
for which there is no new terminal wood X would be i. 

growth. 3. If the weight of new terminal wood 

in grams per 100 leaves is plotted against 
Summary and conclusions number of leaves per fruit at harvest 

I. Thinning causes an increase in the time, the three observed points lie al- 
average weights of the seeds of Nonpareil most exactly on a straight line. Thus, 
almond with a decrease in the variability approximately, the weight of new termi- 
of the weights. This is in contrast with nal wood per 100 leaves is proportional 
the effect of thinning on variability in to the number of leaves per fruit minus 
fruit-cheek diameter. The cheek diam- the number of leaves per fruit for which 



there is no new terminal wood. 

4. The results of an investigation on 
the effect of thinning on the fruits and 


eter of seeds and its variability are less 
with increased degree of thinning. The 
result is a distinct change in shape of the 
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seeds of Nonpareil almonds have been nothing new. It does, however, give 
presented in detail A parallel study on valuable support to the Nonpareil ex- 
the Texas variety in the same season on periment. 

a closely situated similar tree gave al- Division of Mathematics and Physics 

most identical results. The latter test is 

not published in detail because it adds Davis, California 
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EFFECT OF DURATION AND INTENSITY OF LIGHT UPON 
FLOWERING IN SEVERAL VARIETIES AND 
HYBRIDS OF CASTOR BEAN 


N. J. SCULLY^ AND W. E. DOMINGO' 


what effect this factor might have upon 
the flowering responses of parents, their 
Fi progeny, and those Fa individuals that 
exhibit the flowerless character. 

At Beltsville the growing season for 
castor bean extends from early May un- 
til the middle of October. The length of 
day from sunrise to sunset increases 
from 13I hours on May i to i4yV 
solstice, June 21, and then decreases to 
II j hours on October 15. There is some 
additional twilight both night and morn- 
ing that may be photoperiodically effec- 
tive for castor bean, but to what extent 
is not known. It thus seemed possible, if 
a photoperiod factor is involved in the 
flowering of this species, that the critical 
photoperiod for the flowerless types 
might be either longer or shorter than 
natural durations available locally. 

Since a flower-inducing stimulus has 
been transmitted from one variety of 
soybean to another by grafting, this pro- 
cedure was also tested for castor beans. 

The present study considers the ef- 


Introduction 

In certain populations of castor bean 
a relatively small percentage of the 
plants fail to produce flowers, although 
all are subjected to the same field condi- 
tions. Such failure has been recently in- 
vestigated on a genetical basis by Do- 
mingo (5), who grew plants throughout 
the entire growing season at Beltsville, 
Maryland, and found that the flowerless 
character was evident only in the segre- 
gating generations of certain crosses. In 
such crosses plants of both the parental 
and the Fi populations flowered, and 
the percentage of flowerless individuals 
was relatively uniform for the F2 popula- 
tions investigated. 

Since floral initiation and development 
in numerous plant species were known 
to be strikingly controlled by photo- 
period, it seemed desirable to determine 

^ Associate Physiologist and ^Agronomist, Bureau 
of Plant Industry, Soils and Agricultural Engineer- 
ing, Agricultural Research Administration, U.S. 
Department of Agriculture, Beltsville, Md. 
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fects of photoperiod and grafting upon 
the flowering of castor-bean plants. 

Material and methods 

Earlier work (5) had indicated that 
Fa populations from crosses between the 
parent varieties Kentucky 38 and D.P. 
227 contained some plants exhibiting the 
flowerless character. These parents and 
individuals of their Fj and Fa progenies 
comprised the bulk of the plant material 
in these experiments. In addition, several 
domestic varieties or selections were in- 
vestigated in the initial photoperiodic 
experiment. 

Plants were grown in soil in clay pots 
or soil beds in the greenhouse, in clay 
pots in controlled-environment rooms, 
and in soil beds or field plots in field ex- 
periments. Plants grown in the green- 
house received temperatures of about 
75® F. and those in the controlled-en- 
vironment rooms of about 70® F. 

Only photoperiods of natural or 
shorter than natural duration were used 
in the field. To provide short photo- 
periods in the field experiments, frames 
covered with a double thickness of 
black sateen cloth were placed over the 
plants at the end of the light period. In 
the greenhouse, photoperiods of shorter 
duration than those occurring naturally 
' were obtained by moving the plants into 
dark chambers at the close of the light 
period. For longer photoperiods, supple- 
mental incandescent-filament light was 
used beginning at sunset, either in the 
greenhouse or in chambers adjacent to it. 
The intensities of supplemental light 
varied from 10 to 150 foot-candles. 

Plants in the controlled-environment 
rooms (8) received all their light from a 
carbon-arc lamp supplemented with in- 
candescent-filament lamps. The intensity 
of light in these rooms was approximate- 
ly 2000 foot-candles at pot level. 


The place of formation of first flower 
buds (number of nodes from base of 
plant) was determined for the various 
plants rather than the date of opening of 
the first flowers. This criterion has cer- 
tain advantages, most important of 
which is that it is a more accurate 
measure of the time when flowers were 
initiated, since it furnishes earlier evi- 
dence of initiation and thus shortens the 
interval during which errors might arise 
owing to variation among plants in rate 
of development. It also permits the de- 
tection, by dissection, of initiated flowers 
in certain plants which are killed by frost 
before blossoming. Plants that were 
found not to have initiated flowers at 
the end of the experiment were classed 
as nonflowering, and the total number of 
nodes for each was recorded. 

Experimentation and results 
Experiment I 

The purpose of this experiment was to 
test for any outstanding influence of 
length of photoperiod upon either the 
formation of flower primordia or the rate 
of production of nodes. Seed of nine 
varieties or hybrid lines of castor bean 
were planted on August 3, 1944, in 
8-inch pots in the greenhouse. Only a 
limited amount of seed of some of these 
was available, and, as a result, varying 
numbers of individuals were present in 
the different populations. The varieties 
Doughty II and Kentucky 38 were 
grown in thirty-two pots, and sixteen 
pots of each were placed on each of two 
greenhouse trucks. Two other trucks each 
carried eight pots of the Conner variety 
and four pots of each of the other six 
varieties. 

Beginning with seedling emergence, 
one lot containing plants of all varieties 
was subjected to 8-hour photoperiods of 
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natural daylight, while a comparable lot 
received approximately iS-hour photo- 
periods, the latter consisting of all the 
natural daylight available plus supple- 
mental Mazda light of about 40 foot- 
candles intensity from sunset until 
12:00 M. 

Beginning September i and ending 
September 22, weekly dissections were 
made of several plants of Kentucky 38 
and Doughty ii varieties on both photo- 


variety were flowering promptly on long 
but not on short photoperiod, a group 
of four from short photoperiod were 
transferred to long photoperiod on Sep- 
tember 4. On September 16 all four of 
these had initiated first flowers above 
the thirteenth node, while corresponding 
plants remaining on short photoperiod 
had produced thirteen nodes and were 
vegetative. 

On October 18 the experiment was 


TABLE 1 

Effect of photoperiod on several varieties of castor bean in greenhouse 
Experiment L Planted August 3, 1944. Harvested October 18, 1944 


Variety 


5-HOTJR PHOTOPERIOB 


Flowering plants 


No. 


Average node 
at whicL first 
flower primor- 
dia occurred 


Vegetative plants 


No. 


Total nodes 
produced per 
plant 


iS-HOim PHOTOPERIOD 


Flowering plants 


No. 


Average node 
at which first 
flower primor- 
dia occurred 


Vegetative plants 


No. 


Total nodes 
produced per 
plant 


Kentucky 38 
Doughty 1 1 . 

Conner 

D.P. s8 

r>.p. 33 

3/103 

3/31 

3/180. ..... 

3/12 


19.0 

19.0 

17.0 
17-5 
17.0 
17*5 


17.0 


16 

o 

2 

o 

o 

p 

4 

4 

4 


8 


17 


periods to determine their stage of de- 
velopment. Only plants of Kentucky 38 
on the longer photoperiod were found 
with flower primordia or buds on each of 
these dates. However, on September 9, 
varieties 3/12 and 3/31 on both photo- 
periods each had its first flower clusters 
macroscopic in size and emerging from 
the sheaths surrounding the inflo- 
rescences. This same stage of develop- 
ment was attained at this time by plants 
of Kentucky 38 on the long photoperiod. 
The remaining varieties did not then 
have macroscopic flower buds. 

Since plants of the Kentucky 38 


terminated, and the node at which the 
first flower primordia occurred, or the 
total number of nodes in vegetative 
plants, was recorded for the remaining 
plants (table i). 

The most striking result of the differ- 
ent treatments was the flowering re- 
sponse of the Kentucky 38 variety. All 
plants flowered on the longer photo- 
period, but none did so on the shorter 
one. The average node position of first 
flower primordia was 8.4 in the former 
lot as determined at harvest time, while 
the plants on 8-hour photoperiod were 
vegetative at harvest and had produced 
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photoperiod flowered, while only one of 
four flowered on the shorter one. 


Fig. I. — Castor-bean plants of Kentucky 38 variety grown with different photoperiods: /e//, 8-hour: 
right, approximately 18-hour. (Photographed September 27, 1944.) 


flower on either photoperiod, and the sixteen pots each. Five lots were placed 
total nodes formed were approximately on photoperiods of 8, 10, 12, 14, and 16 
the same for each of these varieties re- hours, which consisted of 8 hours of 
gardless of treatment. Plants of two other natural daylight plus supplemental in- 
varieties, 3/31 and 3/12, flowered on candescent light of 40 foot-candles in- 
both photoperiods, and with each the tensity. The sixth lot was subjected to all 
average node position of first flowers was the natural daylight available plus sup- 
a fraction of a node higher on long than plemental light from about sundown un- 
on short photoperiod. Some of the Con- til midnight in order to approximate the 
ner plants flowered on each photoperiod, long photoperiod in experiment I. This 
but the first flowers were at a substan- photoperiod was lyj hours long at the 
tially higher position on the longer one. start of experiment 11. 

All four of the 3/180 plants on the longer On October 3, 1944, two plants from 
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each lot were dissected, and all were 
vegetative, with ten nodes each. The re- 
maining plants were still vegetative when 
dissected on October 30 and averaged 
thirteen to fourteen nodes. 

In flowering response to photoperiod, 
the results of this experiment were in 
contrast to those of experiment I. 

Experiment III 

This experiment was designed to find 
why opposite responses to long photo- 
period were obtained with variety Ken- 
tucky 38 in experiments I and II. Ex- 
periment lllA was concerned with vari- 
ous lengths of photoperiod consisting of 
natural light supplemented with differ- 
ent intensities of artificial light; experi- 
ment III 5 , with effects of long photo- 
periods with artificial light of high in- 
tensity in a plant-growth chamber; and 
experiment me, with effects of long and 
short photoperiods on plants grown in 
midwinter, when total natural radiation 
was less than at other seasons of the year. 

Experiment IIW.— Seed was planted 
in the greenhouse in 6-inch pots on Sep- 
tember 9, 1944. The population was di- 
vided into eight lots of twenty-two plants 
each. One lot each was placed on 8-, 10-, 
and 24-hour photoperiods. Each of these 
photoperiods comprised 8 hours of 
natural daylight, and in the case of the 
two longer ones the remaining light 
period consisted of incandescent light 
of 25 foot-candles intensity. Four other 
lots were placed on 16-hour photoperiods 
consisting of 10 hours of natural day- 
light plus 6 hours of incandescent light at 
intensities of 10, 25, 50, or 150 foot- 
candles. The eighth lot was subjected to 
a photoperiod comprising all natural day- 
light available plus incandescent light of 
25 foot-candles intensity from sunset to 
12:00 M. This photoperiod was 16 hours 
and 56 minutes long when the plants of 


the various lots were thinned on October 
II, 1944. 

On October 27, 1944, half of the plants 
receiving 24-hour photoperiod were dis- 
sected. All were vegetative, and each had 
nine nodes. On November 18, 1944, the 
remaining plants on 24-hour photoperiod 
were all found to be vegetative, with an 
average of thirteen nodes. The other 
treatments were continued until Defem- 
ber 18, 1944, at which time all lots were 
still vegetative. Although the average 
number of nodes produced by the various 
lots were quite similar, certain of them 
differed by amounts which are sta- 
tistically significant (table 2). Plants on 
16-hour photoperiod with supplemental 
light of 150 foot-candles intensity pro- 
duced significantly pore nodes than 
those in four other lots receiving either 
lower intensity of supplemental light or 
a shorter photoperiod. 

No Kentucky 38 plants flowered when 
subjected to long photoperiods during 
the fall and winter months in experi- 
ments n and IIIA. Accordingly, it 
seemed desirable to determine whether 
flowering would occur in this variety if 
maintained on long photoperiod of a con- 
tinuous and relatively high intensity 
such as is available in the controlled- 
environment rooms at Beitsville (8). 

Experiment IIIB.— On November 
28, 1944, seed of Kentucky 38 was 
planted in 4-inch pots. The plants were 
kept on 8-hour natural photoperiod in 
the greenhouse until December 8, at 
which time the cotyledons were ex- 
panded on all but a few plants. Twenty- 
eight of them were then moved to a con- 
trolled-environment room at 70^^ F. and 
initially with 15-hour photoperiod. Since 
the room was being used for additional 
experiments, a longer photoperiod was 
not attainable. On December 17, 1944, 
the photoperiod was changed for other 
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purposes to i8 hours and again back to 
15 hours on January 2, 1945. 

On January 26 the plants were dis- 
sected and ten had initiated flower pri- 
mordia at the average position of node 
8 . 6 . The other eighteen were vegetative 
and averaged ii.i nodes per plant. The 
position of first flowers was only 0.2 node 
higher than for the same variety in ex- 
periment I. However, since only ten of 
twenty-eight plants flowered as against 
all plants flowering in the earlier experi- 



The purpose of experiment IIIC was 
to observe whether plants of this variety 
would remain vegetative on relatively 
long photoperiods at this time of year. 
Such long photoperiods would contain a 
substantially shorter duration of natural 
daylight than would those employed 
during August to October in experi- 
ment I. 

After growth until March i, 1945, dis- 
section showed that all plants were vege- 
tative in all lots. Those which had been on 


TABLE 2 


Effect of photoperiod and intensity of supplemental light on de- 
velopment OF Kentucky 38 variety castor bean in greenhouse. Ex- 
periment lllA , Planted September 29, 1944. Harvested December 
18, 1944 


Photopertod 

(hours) 

Natural 

D. 4 Y LIGHT 

(hours) 

Supplemental light 

No. OF 

pl.ants 

No. OF NODES 

PER PL.ANT 

Duration 

(hours) 

Intensity 

(foot- 

candles) 

8... 

8 

0 


21 

14.9 + 0.1* 

10 

8 

2 

25 

21 

i 3 -S±o-i 

16 

10 

6 

150 

20 

16.0 + 0. I 

16. 

10 

6 

50 

20 

iS.7±o.2 

16 

10 

6 

25 

22 

14.9 + 0. I* 

16 

10 

6 

10 

22 

14.8 + 0.2* 



t 

t 

25 

21 

15.0+0. I* 


* Significantly different from 16-hour, 150 foot-candles lot, at the I % level. 

t This photop^riod consisted of all natural daylight plus supplemental light from sunset to midnight. 


ment, a valid comparison could not be 
made. 

Experiment IIIC.^ — ^Beginning De- 
cember 27, 1944, four successive weekly 
plantings of Kentucky 38 seed were made 
in 4-inch pots. There were two lots of 
twenty plants each on each planting 
date, which were placed on short and 
long photoperiods. The short photoperiod 
consisted of 8 hours of natural daylight. 
The long one comprised all natural day- 
light plus Mazda light of 25 foot-candles 
intensity until 12:00 m. and varied from 
16 hours at the start to i6| hours at the 
end of the experiment. 


8-hour photoperiods averaged 10.9, 9.8, 
8.8, and 8.0 nodes, respectively, for the 
four successive planting dates, while the 
series on long photoperiods averaged 
II. 2, lo.i, 9.1, and 8.0 nodes. 

Experiment IV 


It was noted earlier that Fa popula- 
tions from crosses between varieties 
Kentucky 38 and D.P. 227 contained 
plants that failed to flower when grown 
in the field at Beltsville. Domingo (5) 
found that a large percentage of the 
plants formed their first flower primordia 
early in the season at a relatively low 
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node position but that a few formed them 
late in the fall, and therefore at a very 
high node position, and that about io% 
remained vegetative throughout the en- 
tire growing season. 

Experiment IV was mainly designed 
to determine what effects a longer grow- 
ing season and varied photoperiod treat- 
ments would have upon the flowering re- 
sponses of the parental varieties, Ken- 
tucky 38 and D.P. 227, and of their Fx 
and F2 progenies and to study in more 
detail the flowering behavior of Ken- 
tucky 38 plants grown with long photo- 
periods during late winter and spring 
months. 

Experiment IV^ — On February i, 
1945, seed of both parents, the Fi, and 
six Fa populations was planted in 8-inch 
pots in the greenhouse. The nine differ- 
ent populations were grouped separately 
and, following germination, were sub- 
jected to a i4|-hour photoperiod con- 
sisting of all natural daylight plus incan- 
descent light applied both before and 
after the natural day. The supplemental 
light period was regularly shortened as 
the length of natural day increased. The 
i4|-hour photoperiod was selected, since 
it closely approximated the natural 
photoperiod to which castor beans were 
subjected following emergence in the 
field in May, Supplementary light was 
used in the greenhouse until May 6, 
when the natural daylength was longer 
than 14I hours. 

In the various populations the plants 
that produced visible flower buds were 
harvested, and the position of first 
flowers recorded. By May 23 all plants 
of the parental and Fj populations as 
well as 436 of the original 546 Fa plants 
had produced flowers. 

The no Fa plants that had not pro- 
duced visible flowers by May 23 were 
divided into four lots. Three of the lots 
contained 18 plants each, including indi- 


viduals from all six Fa populations, and 
received photoperiods of 8 hours, 18 
hours, and natural daylength in the 
greenhouse. The 8-hour photoperiod 
comprised only natural daylight; the 18- 
hour one consisted of all the natural day- 
light plus Mazda light of 150 foot- 
candles for the remaining hours of the 
photoperiod. The fourth lot, of 56 plants, 
was planted in the field and subjected to 
natural daylength. The 18-hour and 
natural-daylength lots in the greenhouse 
were grown in soil beds, while the 8-hour 
lot was grown in 12-inch pots. By June 21, 
194s, 34 of the no plants had produced 
macroscopic flower buds. These 34 plants 
were distributed in approximately equal 
proportions among the groups on the 
different photoperiods. The position of 
the first flower buds for these 34 plants 
averaged only two to three nodes higher 
than in the last lot of F2 plants dissected 
on May 23. Since the terminal bud of 
castor bean includes an average of five to 
six nodes, the flower buds observed on 
June 21 must have been present as 
flower primordia on May 23 or earlier 
and thus were evidently initiated before 
the differential photoperiod treatments 
were begun. 

A total of seventy-six Fa plants re- 
mained in the four different lots after 
June 21. None was observed to develop 
macroscopic flowers prior to September 
17, when they were harvested and dis- 
sected. On dissection twenty-one plants 
were found to have microscopic flowers. 
Fifteen were from the natural-daylength 
lot in the field and the other six from the 
8-hour lot in the greenhouse. These data 
suggest that the differential photoperiod 
treatments had no outstanding effects on 
flowering of Fa individuals. 

Six of the plants that were flowerless 
at the September 17 dissection were 
transplanted on October 9 to a green- 
house. They were maintained on a 17- 
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hour photoperiod until March 20, 1946, 
without forming flower buds or pri- 
mordia, although they produced an aver- 
age of flfty-four nodes each during that 
period. Apparently such plants when 
grown in the field locally are vegetative 


at time of frost for reasons other than 
need of a longer growing season. 

The flowering data for the parent, Fj, 
and F2 populations planted on February 
I, 1945, are summarized in table 3. Ail 
parent and Fi plants flowered but only 


TABLE 3 

FREQUENCY DISTRIBUTION WITH RESPECT TO NODE NUMBER AT WHICH FIRST FLOWERING 
OCCURRED FOR TWO VARIETIES OF CASTOR BEAN AND THEIR F. .AND F= PROGENIES. EXPERIMENT 
IVA. PLANTED IN GREENHOUSE FEBRUARY 1, 1945. FiN.AL D.ATA COLLECTED SEPTEMBER 17 1945 


Location of first 

FLOWERS (node NO.) 


Character of population 


Ky. 38 D.P. 227 


X3-7 i X4-3 X4-4 X4-5 


35 

36 

37 

38 

Flowerless . 


Av. fl. node . 


0 

0 

0 

21 

0 

12 

14 

3 

5 

34 

60 

19 

209 

34 

72 

1 14 

45 

72 




10. 0 

0.0 

16.7 

12.3 

6.7 

6.9 

12.8 + 

7.1 + 

9-9± 

II. 6 

10 . s 

II. 7 

12. 1 

12.4 

II. 3 

0.2* 

O.I* 

0.4 








* For parent populations, significantly different from each other and each from Fi at the i% level. 
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89.9% of the Fa plants. The percentage 
of flowerless Fa plants in this study is 
similar to the 8% obtained in the field 
(5) on Fa material from the same parents. 

The average node positions of first 
flowers for the parents, Kentucky 38 
and D.P. 227, were significantly different 
from each other and from the average 
position in the Fr population, which was 
intermediate between the two parents. 

In only one of the six Fa populations, 
namely, X3-6, which was the smallest 
one, did all plants flower or form pri- 
mordia. Among the remaining five lines, 
the percentages of fiowerless plants 
ranged from 6.7 to 16.7. Disregarding 
the flowerless plants, none of the Fa 
populations differed from one another 
with respect to the average node position 
' of the first flower primordia. The great- 
est number of nodes per plant on the 
flowerless individuals dissected in Sep- 
tember was 451 the least, 33. 

On similar material planted in the 
field during 1944, Domingo (5) observed 
an average of 8, 10, 10, and 10 nodes for 
the position of first flower primordia on 
plants of Kentucky 38, D.P. 227, F,, and 
Fa, respectively. The present data for Ft 
and Fa approximate his results, but the 
results for the parents were outstanding- 
ly different. In the earlier data (5) the 
parental means differed by two nodes, 
D.P. 227 having the greater mean. In 
the present study the mean for Kentucky 
38 was five nodes greater than that for 
DP. 227. A possible explanation for these 
differences in results is considered in re- 
porting subsequent experiments. 

Expeeimenx IVJ.— At approximate- 
ly monthly intervals following the plant- 
ing of February i, 1945, four additional 
plantings of both Kentucky 38 and D.P. 
227 parent seed were made in 8-inch pots 
in the greenhouse. These plants were 
likewise grown on i4|-hour photoperiods 


until May 6, when the natural daylength 
exceeded 14 J hours, and all plants were 
put on natural photoperiod alone. The 
last two monthly plantings were grown 
only with natural photoperiod, since 
the natural daylength was already in 
excess of 14I hours. 

The average node position of first 
flowers on Kentucky 38 in the February 
I planting was 12.8 (table 4), which was 
four nodes higher than in experiment I. 
With each successive planting of this 
variety, the first flowers were formed at 
either the same or at a lower mean posi- 
tion. The mean positions of first flowers 
for each of the first two plantings were 
significantly higher than those of each of 
the last two plantings. These differences 
may have been correlated with the fact 
that the last two plantings had received 
solely natural daylight which exceeded 
14I hours after May 6, while the earlier 
lots received a fixed i4|-hour photo- 
period, a portion of which was Mazda 
light. 

The results for D.P. 227 for the five 
planting dates were in contrast to those 
obtained with Kentucky 38 in both the 
degree and the direction of change of the 
node position of first flowers. With D.P. 
227 there was a substantial increase in 
this mean node value with the successive 
planting dates. These increases were all 
statistically significant at the 1% level of 
probability. In the case of the parents 
planted on February i, 1945, the average 
node position of first flowers for Ken- 
tucky 38 plants was higher than for 
D.P. 227 plants (table 4). This relation- 
ship was the reverse of what Domingo 
(5) reported for these varieties grown in 
the field during the summer. However, in 
the case of the fifth planting made on 
May 26, 1945, in the greenhouse, the 
relative location of the first flower node 
in the two varieties was the reverse of 
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that obtained with tHe February lots and whether flowerless Fa plants could be 
was then like that reported for the field- made to flower if grafted to those of 
grown material (5), with first flowers of other types which flower readily. It is 
D.P. 227 plants at a higher node position known in the case of soybeans that plants 
than were those of Kentucky 38. This of the Biloxi variety, which are vegeta- 
differential trend in node values for these tive with long photoperiods, flow’er readi- 
varieties took place simultaneously with ly on such photoperiods if grafted to 
changes in duration of natural daylight those of the Agate variety which normal- 
occurring through the growing period, ly flower on long daylengths (7). 


j 

,1 


TABLE 4 

Frequency distribution with respect to node of first flowering for two 

VARIETIES of CASTOR BEAN PLANTED ON FIVE DIFFERENT DATES. PLANTS GROWN 
IN GREENHOUSE ON ui-HOUR PHOTOPERIOD UNTIL MAY 1,1945, AND SUBSEQUENTLY 
ON NATURAL PHOTOPERIOD. EXPERIMENT IVB 


Planting 

DATE 

Node at which pihst flower primordia dfatsloped 

Total 

PL.ANTS 

Average 

6 


8 

9 

10 

II 

12 

13 

^4 

IS 

16 

2- 1-45 

3- 3-45 

4- 2-45 

5- 1-45 

Kentucky 38 



. 

5 

2 

5 

5 

6 

9 

7 

2 

7 

10 

7 

6 

6 

10 

14 

8 

12 

8 

12 

9 

7 

* 6 
21 

10 

3 

2 

2 

7 

3 

I 

I 

34 

55 

49 

42 

39 

12. 8 ±0. 2* 

12.9 + 0. 2^^ 
12.4 + 0.2 

1 1. 8 + 0.2 

11.9 + 0.3 

5-26-45 




2 


4 



Significantly different at the i % level from 5"i-4S and 5-26-45 plantings of Kentucky 38. 
t Significantly different at the i % level from all other plantings of D.P. 227. 


Experiment IVC. — A number of The first bud grafts were made on 
reciprocal grafts were made involving ap- June 30, 1945- In all such grafts lateral 
parently flowerless F2 individuals planted buds were employed. With both stock- 
on February i, 1945, and plants of the scion combinations the terminal bud and 
Kentucky 38 parent. The Fs plants were all but one lateral bud above the location 
grown in a soil bed in the greenhouse on of the graft were removed from the 
18-hour photoperiod. The Kentucky 38 stock. Most of these grafts were success- 
plants were planted in pots on May i, ful, and satisfactory growth of the scion 
1945, and had been growing vegetatively occurred in all such cases (fig. 2A). In 
with an 8-hour photoperiod. The pur- one instance an approach graft was 
pose of the grafts was to determine made, k flowerless plant serving final- 



6 40 

.... 7 


.... I 








60 

7. 1 +0. if 





44 

8.2 + 0. 1" 





56 

Q.O + O. I' 





48 

9.8+0. I" 

12 

9 

3 


35 

13. I +0. 2“ 
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ly as the stock and a Kentucky 38 plant plants flowered, and the first flowers 
as the scion (fig. 2B). were formed at a lower average node 

In all cases the Kentucky 38 plant position on those that were grown during 
flowered, and the flowerless plant re- the middle of this period when the long- 
mained vegetative, regardless of the est natural daylengths occurred. Such 
variety used as stock or scion. In all cases data suggest that flowering of this species 
the first flower primordia to appear on may be influenced both by length of 
Kentucky 38, whether serving as stock photoperiod and by total radiation re- 
or scion, were developed at a substantial- ceived during the photoperiod. The influ- 
ly higher node number than could be ac- ence of these two factors was therefore 
counted for by the number of nodes investigated further, 
present in the initial bud. Experiment V^ .— In this experi- 


Fig. 2. — Grafts between Kentucky 38 variety parent and a iiowerless F2 plant, the former serving as scion 
and the latter as stock, A\ bud graft with Fa stock vegetative and the scion showing young inflorescence. 

approach graft with Fa stock vegetative and the scion showing elongated inflorescence. (Photographed 
September 14, 1945.) 

Experiment V ment the factors of duration and in ten- 

Plants of Kentucky 38 did not flower sity of light were investigated for Ken- 
when grown in the greenhouse during tucky 38 and D.P. 227 at a time of year 
winter periods in which the natural day- in which both varieties had previously 
length was shortest and frequently of flowered. On July 21, 1945, se.J was 
lowest average light intensity, nor did planted outdoors in four soil beds with 
they flower during these periods when twenty plants of each variety in each 
incandescent light of 25 foot-candles in- 'I'^o beds were subjected to full 

tensity supplemented the natural day- natural daylength, the other two beds to 
length to provide 24-hour photoperiods. 9 flours of natural daylight. Differential 
However, during the months of March photoperiods were begun immediately 
through August all the Kentucky 38 with germination of seed and were 
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maintained until September 5, 1945, 
at which time node counts were made 
(table 5) . All plants flowered when sub- 
jected to 9-hour and to natural photo- 
periods; but the Kentucky 38 plants 
flowered at a significantly higher node 
position with the 9-hour photoperiod 
than with natural photoperiod, whereas 
the reverse relationship was found among 
the D.P. 227 plants. 

Experiment V 5 .— The effect of sev- 
eral different light intensities upon the 
earliness of flowering of Kentucky 38 
variety was measured by the node num- 


Obviously significant differences in 
the flowering responses resulted with the 
different treatments. No plants flowered 
when grown with 30% of full light in- 
tensity, although they had produced an 
average of 14.2 nodes per plant. With 
70% intensity, fifty-two of the sixty-two 
plants flowered with first flowers at the 
average node position of 10.4. The non- 
flowering plants developed an average of 
15.5 nodes in their main stems. All plants 
flowered when grown with 100% of the 
natural light available, and the average 
node at which first flowers occurred was 


TABLE 5 

Effect of photoperiod upon initiation of flower primordia 
IN Kentucky 38 and D.P. 227 varieties of castor bean 
grown in outdoor soil beds. Experiment v. 4 . Planted 
July 21, 1945. Harvested September 5 , 1945. Forty plants 

PER LOT 


Variety 

Average node at which first flower 
PRIMORDIA occurred 

Natural day length 

Q-hour photoperiod 

Kentucky 38 

8.7±0.i* 

9. 7±o. I 

12.0+0. 1 
8.9± o . i * 

D.P. 227 



^ * These two lots are not significantly different from each other. All other differences 

significant at the i% level of probability. 




her at which first flowers developed. On 
August 18, 1945, seed of Kentucky 38 
was planted outdoors in six soil beds fol- 
lowing the procedure used in experiment 
YA . Light intensities of 100, 70, and 30% 
of that available naturally were applied 
in duplicate, the lower intensities being 
obtained by shading with different num- 
bers of layers of tobacco cloth. 

The plants were grown until October 
3, 194s, at which time either the node 
position of first flowers or the total 
number of nodes on nonflowering plants 
was recorded for each plant. Duplicate 
fresh-weight and quadruplicate dry- 
weight data were obtained on tops cut 
at the cotyledonary node (table 6). 


9-0, The difference in the average posi- 
tion of first flowers was statistically sig- 
nificant. The same was true for total 
nodes on the nonflowering plants receiv- 
ing the two lowest intensity treatments. 

Statistically significant differences in 
average fresh-weight and in dry-weight 
percentage were found among plants that 
received different intensities. The high- 
est average fresh weight occurred with 
the 70% intensity^ the lowest with the 
30% intensity. The presence of the high- 
est average fresh weight in plants of the 
70% lot may possibly be accounted for 
by the differences in flowering response 
between this lot and the 100% one. The 
delayed flowering response obtained with 



S68 


BOTANICAL GAZETTE 


[JUNE 



plants of the 70% lot in contrast to the 
100% lot, plus the fact that a number of 
the former were still vegetative at har- 
vest, could account for its greater fresh 
weight. 

Discussion 

Relatively little has been reported con- 
cerning the effects of either duration of 
photoperiod or intensity of light upon the 
flowering of castor bean. Adams (i, 2 ) 
observed the effect of these two factors 
upon the flowering of several species of 
plants including the castor bean but did 


varieties of castor bean. This species 
thus seems to be different from Biloxi 
soybean (4) and Xanthium pensylvani- 
cum (6), which are little influenced in 
flowering by rather wide differences in 
total radiant energy but are very sharply 
influenced by small differences in day- 
length. These plants remain vegetative if 
grown on photoperiods that exceed a cer- 
tain critical length and flower promptly 
if grown on shorter ones. The intensity of 
supplemental light used to extend the 
natural photoperiod, and so prevent 


TABLE 6 

Effect of light intensity upon plants of Kentucky 38 variety castor bean grown 

IN OUTDOOR SOIL BEDS ON NATURAL PHOTOPERIOD. EXPERIMENT VB 

Planted August 18, 1945. Harvested October 3, 1945 


Light in- 
tensity (%) 

No. OF 

PLANTS 

I Av. fresh 

WEIGHT (GM.) 

Dry weight* 
(%) 

Flowering plants 

Vegetative plants 

No. 

Av. first 
flower node 

No. 

Av. total no. 
of nodes 

100. . . 

57 

76 . 8 ± 2 . 3 t 

io. 57 ±o .5 

57 

9.0 + 0. 02I 

0 


70 

62 

97.8±o.8 ! 

io.03±o.4 

52 

10.4 + 0.02 ! 

10 

lS-S±0-2t 

30 

52 

34-ii:0-9§ 

9-48±o. 5 j 

0 


52 

I4.2±O.I 


* Figures are averages, each derived from four 200 -gm. fresh-weight samples. 

t Significantly different from 76% intensity lot at the s% level. 

t For average first flower node and average number of nodes, significantly different from other treatment at the 1 % level. 

§ Significantly different from other two lots at the 1 % level 

not name the variety of castor bean em- 
ployed. In one of his experiments with 
light intensity all plants flowered when 
grown solely with continuous light from 
300-watt or 500-watt nitrogen-filled 
lamps. Investigation of the effects of 
duration of light (2) was confined to ex- 
tremely short photoperiods, not exceed- 
ing 3 hours of natural light daily. The re- 
sults of his study were not conclusive, 
since approximately half of the plants of 
each photoperiod lot failed to flower at 
the end of a 3-month growing period. 

The present studies indicate that both 
duration of photoperiod and light in- 
tensity are factors which may influence 
formation of flower primordia in certain 


flowering of such plants, need not be 
more than 25 foot-candles and can be as 
low as a fraction of i foot-candle. 

With plants of Kentucky 38 variety, 
formation of flower primordia is ap- 
parently dependent upon a total light- 
energy factor, and thereby both duration 
and intensity of light are involved. 
Measured in terms of node number at 
which first flowers were formed, the earli- 
est flowering occurred when plants were 
grown on photoperiods of natural length 
or longer, during the spring, summer, and 
fall months, a period of the year having 
longest natural daylengths and relatively 
high average daily light intensity. Plants 
grown during these same periods on 8- 
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hour natural photoperiod remained vege- appear probable that the flowerless Fa 
tative. Likewise plants grown during the plants lack the capacity to form flowers, 
winter months of shortest natural day- More likely other factors of the environ- 
lengths and low average daily light in- ment, such as temperature and nutrition , 
tensity failed to form flower primordia may be involved in controlling formation 
with any duration of daily photoperiod of flower primordia, along with the light- 
or even with continuous light. During energy factor effective in the case of the 
this period of the year extension of the Kentucky 38 and D.P. 227 parents. Sig- 
natural photoperiod with incandescent- nificantly higher intensities of light occur 
..filament light of 150 foot-candles was not in tropical regions, to which castor bean 
effective in promoting floral initiation, is indigenous, than in temperate regions. 
However, when plants were grown for 7 Allee (3) reported maximum light in- 
weeks during winter months with 15- tensities of the order of 20,000 foot- 
hour or longer photoperiods in a con- candles in a series of observations over 
t rolled-environment room in which the several weeks at Barro Colorado Island 
light intensity was about 2000 foot- in Panama as compared with 14,000 at 
candles, flower primordia were formed on Chicago, Illinois; but a great many vari- 
ten of a total of twenty-eight individ- ables are involved, and these figures ad- 
uals. mittedly are not a basis for exact com- 

These data indicate that a relatively parison. It may be possible that the 
high level of light energy is a major flowerless F2 plants require even higher 
requirement for floral initiation in plants light intensities than do Kentucky 38 
of Kentucky 38 variety. It was not pos- plants — intensities such as prevail in 
sible to determine the quantity of light tropical regions. 


energy required, but, in terms of dura- 
tion of photoperiod and intensity of 
light, several of the combination require- 
ments have been established for definite 
seasons of the year. D.P. 227 differed 
from Kentucky 38 variety in that it 
flowered regardless of duration of photo- 
period on which it was grown. With 
photoperiods conducive to flowering, 
first flowers in Kentucky 38 occurred at 
successively lower node positions as the 
daylength increased, while the reverse 
trend was true for first flowers of D.P. 
227 plants grown with these daylengths. 

All attempts to induce formation of 
flower primordia on flowerless Fa plants 
resulting from crosses of Kentucky 38 
and D.P. 227 parents were unsuccessful. 
On the basis of the flowering responses of 
the parents to different photoperiods and 
light intensities, as well as the prompt 
flowering of Fi individuals, it does not 


Summary 

1. Studies were made of the effects of 
photoperiod and light intensity upon 
flower formation in plants of several 
genetically different populations of castor 
bean. Plants were grown in soil in the 
greenhouse, field, or controlled-environ- 
ment rooms. The node position of the 
first flowers and the total number of 
nodes on nonflowering plants were the 
criteria used for measuring the responses 
of plants to duration and intensity of 
light. 

2. In experiments concerned with 
photoperiod alone, marked variation in 
degree of flowering response was ob- 
served for a number of varieties. Some 
failed to flower on either long or short 
photoperiods, while those of other varie- 
ties flowered on both photoperiods. In 
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the case of one variety, flowers developed 
only on plants grown with long photo- 
period. 

3. Plants of two parents and their Fi 
and F2 progenies, the last of which con- 
tained plants that remain fiowerless when 
grown under normal field conditions at 
Beltsville, Maryland, were grown with 
controlled photoperiod. Plants of both 
parents and the F^ progeny flowered at 
relatively low node positions, the Fi 
plants being intermediate between the 
parents in this character. The node posi- 
tion of first flowers on most of the F2 
plants was within the range of that of 
the parents and the Fx progeny, but 10% 
of the F2 plants remained vegetative 
under the several treatments given, 

4. Flowerless F2 plants remained vege- 


tative when grown with several different 
photoperiods and likewise when grafted 
either as stock or as scion with vegetative 
parent plants which subsequently were 
induced to flower. 

5. Earliness of flowering of parent 
plants whose Fa populations contain the 
flowerless character was significantly af- 
fected by variation in photoperiod or in 
light intensity. In the case of one parent,, 
flowering was markedly controlled by a 
light-energy factor. In this case floral 
initiation occurred only on long photo- 
periods applied during spring, summer, 
and fall. During the short days of winter, 
flowers failed to form even under a con- 
tinuous 24-hour photoperiod in which 
supplementary artificial illumination was 
supplied. 
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INFLUENCE OF POTASSIUM AND SODIUM ON METABOLISM OF 
PEANUT COTYLEDONS DURING GERMINATION 

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 686 


HUBERT 

Introduction 

It had been noticed that, when cockle- 
bur was grown under potassium-deficient 
conditions, the cotyledons persisted in a 
fleshy and turgid condition much longer 
than did those of control plants. It was 
conjectured that this persistence might 
be a result of impedance of the vascular 
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transport of food reserves from the coty- 
ledons, since both breakdown (15) and 
interference with formation of phloem 
tissue (26) have been described as potas- 
sium-deficiency symptoms. 

An experiment was designed to inves- 
tigate the relative rates of removal of the 
important cotyledonary food reserves 
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under conditions of adequate (+K) operations were carried out by the light 

versus no (-K) potassium supply, as of a 15-watt blue bulb shielded except at 

well as to study other symptoms associ- the tip and carried in the hand. The 

ated in the —K syndrome. Since seeds plants were grown for 6 (experiment I) 

: of cocklebur were unavailable in large or 7 (experiments II and III) and for 15 

quantities, Virginia peanut seed was days (all experiments), 
chosen as the test object. It has the ad- At harvest the sand was washed from 
vantages of being large, fatty, and epi- the root systems. It was found impos- 

: geal in germinating habit. The experi- sible, however, either to retain all the brit- 

ments were carried out in the dark to tie lateral roots of the is-day plants or to 

I avoid confusion of the interpretation by remove the sand from the roots complete- 

j the addition of new products of photo- ly by washing and rinsing with concen- 

! synthesis. trated sodium chloride solution. There- 


TABLE 1 

I Composition of nutrient solutions used 


Salts 

(Stock solutions) 

Solution A 
(+K-Na) 

Solution B 
(-K+Naj 

Solution C 
C-K-Na) 

CaCNOs), o.osM 

MgS04 0.05M 

KH2PO4 0.05M 

20 ml./l. 

10 ml/L 

10 ml./l. 

20 ml./l. 

10 ml./l. 

20 ml./l. 

10 ml./l. 

NaH2P64 o.osM... 

10 ml./l. 


CaCHJO.I, 


(0.0025M) 

I ml./l. 

I ml./l. 
1.05 

H3BO3 O.O463M 

MnCb 0.0064M 

ZnS 04 o,ooo76M 

CUSO4 0.0003M 

H2M0O4 0.0004M ^ 

Fe2(C4H406)30 . 0089M . 
Atmospheres 

r. 

I ml./l. 

I ml./l. 

1. 12 

I ml./l. 

I ml./l. 

1. 12 



Material and methods fore, the root systems of the 15-day 

In each experiment Virginia peanuts pl^nts were severed from the hypocotyls 
obtained from a commercial seedsman point of divergence of the first 

were shelled, examined, and selected for Is-teral root and were discarded, 
undamaged seeds. They were planted in Immediately at harvest the wet 
washed quartz sand in glazed pots, the weights of the 6- or 7"day cotyledons and 
drains of which were covered with glass axes (hypocotyl plus epicotyl) and of the 
wool. Each -pot was watered before and 15-day cotyledons, hypocotyls, and epi- 
after planting and thereafter daily or cotyls were taken separately. The axial 
every second day, depending on the ex- tissues were dried in an air-blast oven at 
periment, with its appropriate nutrient 150° C. for 5 minutes; then the tempera- 
solution. Nutrient solutions (table 1) ture was reduced to 70^ C. to complete 
were based on those suggested by Hoag- the drying. After drying for 4 hours, they 
LAND and Abnon (9). The pots were kept were placed in desiccators and held until 
in a basement room of relatively even weighed. The fresh cotyledons from each 
temperature, and the room was main- treatment were harvested in triplicate 
tained in complete darkness except at lots, weighed in pairs, and the lot mem- 
times of watering and harvest. These bers mixed together. Each lot was ground 
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in a meat-chopper with 2 gm. of calcium 
carbonate for each 100 gm. of tissue in 
such a manner that the discharge from 
the mill dropped into boiling redistilled 
ethanol in quart mason jars. The jars 
were sealed and held in a dark cabinet 
until the contents could be analyzed. 

Methods for chemical analyses were 
those described by Loomis and Shull 
(13), except that lipids were determined 
by the method of Sando (20) and lipo- 
lytic activity was estimated by the meth- 
od of Longenecker and Haley (12) on 
fresh cotyledons. Invert sugars and crude 
fiber were both determined by difference 
(total sugar — reducing sugars == invert 
sugars; total dry matter — dry weight of 
determined substances = crude fiber). 
Comparisons of wet-weight and dry- 
weight data were made by the analysis of 
variance technique described by Snede- 
COR (23). 

Material for histological study was 
killed in Crooks’s modification of Nava- 
shin’s solution (3), washed in tap water 
for 48 hours, dehydrated in a tertiary 
butanol-ethanol series, imbedded in 
paraffin, sectioned at 15 Mj Q-nd stained 
with Flemming’s triple stain. 

Description oe experiments 

In experiment I, selected peanut seeds 
were further selected by rejecting all 
seeds falling outside the limits of ± 0.05 
gm. of the mean seed weight. The seeds 
were planted as described above, and 
either solution A or solution B (table i) 
was applied daily. Three lots of each 
treatment were harvested at 6 days after 
planting and three more lots at 15 days. 
Analyses were made for lipids on the ab- 
solute basis only. 

Experiment II was performed simi- 
larly to experiment I, except that the 
first harvest was taken on the 7th rather 
than on the 6th day after planting. Anal- 
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yses were made of these samples of coty- 
ledons for moisture, total sugars, reduc- 
ing sugars, starch and dextrins, acid- 
hydrolyzable substances, soluble nitro- 
gen, insoluble nitrogen, and total lipids. 

Experiment III was designed similarly 
to experiments I and II, with the follow- 
ing exceptions: three instead of two nu- 
trient solutions were used: A, B, and C 
(table i) ; pots were treated with nutri- 
ent solution every second day; and the 
seeds, instead of being merely selected 
for size, as in experiments I and II, were, 
in addition, individually weighed and 
their weights recorded. Solution C was 
designed to furnish the same amount of 
H2PO7 ions as solutions A and B, to sup- 
ply neither potassium nor sodium, to 
cause as small a difference as possible 
from the other two solutions in the con- 
centration of calcium, and to have ap- 
proximately the same ionic concentra- 
tion as the other solutions. Plants were 
again harvested at 7 and at 15 days after 
planting. In this experiment wet weights 
of the 7-day cotyledons and axes and of 
the 15-day cotyledons, hypocotyls, and 
epicotyls were taken; dry weights of 
7-day axes and of 15-day hypocotyls and 
epicotyls were also recorded. Dry weights 
of cotyledons could not be obtained be- 
cause of the analytical procedure used. 

Results 

Removal of the two predominant com- 
plex reserve materials, fats and proteins, 
from the cotyledons proceeded somewhat 
•slowly for the first 6 or 7 days after 
planting but went on much more rapidly 
during the next 8 days (fig. i). It is as- 
sumed from the data (tables 2-4) and 
from the fact that cotyledons of etiolated 
seedlings were not visibly necrotic until 
4 weeks after planting that the quantity 
of lipid and protein reserves remaining 
in peanut cotyledons during germination 


1947] 


DYER-PEANUT 


573 


and early growth follows an inverse sig- 
moid curve with time the abscissa. The 
effect of substitution of sodium for po- 
tassium in the nutrient substrate appears 
to be to flatten this curve; this is most 
marked at the 7-day point. Wider dif- 
ferences are evident between treatments 
in dry weight of cotyledons, dry weight 
of entire plants, and grams of lipid and 
protein per 100 plants at the mid-point of 
the experimental period than at the end. 
The 7-day plants had less dry matter 
both in axes and in cotyledons, and less 


lipid and protein in the cotyledons iinder 
“~K +Na conditions (solution B) than 
under H-K — Na (solution A). Although 
carbohydrates in the cotyledons, espe- 
cially starch, increased somewhat during 
germination, the increase was not in the 
same ratio in experiments II and III, nor 
was it consistent with treatment. There 
was a reversal between the 7th and 15th 
day in the distribution of lipids between 
treatments in all three experiments: 
whereas more lipid remained in the 
+K — Na cotyledons at 7 days, by the 



Fig. I.— Changes in amount of dry weight, carbohydrates, lipids, and proteins in cotyledons of Virginia 
peanuts during first 15 days after planting in dark as affected by substitution of sodium for potassium 
(data of experiment II). 


i 




574 


BOTANICAL GAZETTE 


15 th day they had lost more lipid than 
the — K 4-Na cotyledons. When both 
potassium and sodium were eliminated 
from the nutrient solution (solution C, 
experiment III), lipids were not so rapid- 
ly lost as when either was present, and 
the amounts of starch found in the coty- 
ledons more nearly approximated those 
for the +K —Na treatment. 

Statistical analysis of the wet- and 
dry-weight data for 1 5-day plants from 
experiment III (table 4) revealed highly 
significant differences owing to treatment 


treatments. Histological study of the 
vascular tissue of the cotyledonary peti- 
ole revealed no evidence of breakdown 
and no differences between treatments in 
amount of phloem present. Tests of lipo- 
lytic activity performed in vitro on fresh 
cotyledons using peanut oil as a sub- 
strate showed no differences in fat-hy- 
drolyzing rate between treatments. 

Discussion 

When potassium was lacking from the 
nutrient medium during germination of 


TABLE 2 


Analytical data, experiments I and III, grams per ioo plants 



Experiment I 

Experiment III 

Total 

lipids 

Dry 

weight 

Moisture 

Starch and 
dextrins 

Total 

lipids 

Seeds. 

36-31 

89 . 01 

18.52 

0.92 

41 . 26 

6- or 7-day cotyledons: 






-i-K-Na.............. 

18.87 

76.37 

68.27 

4.72 

26.96 

-K+Na 

17.78 

70.72 

77.06 

3-59 

22.26 

-K-Na. 


74.77 

73-83 

4-63 

27-58 

1 5 -day cotyledons: 


+K-Na 

3-83 

35-90 

ss-37 

2.70 

6.18 

-K-I-Na. ............ . 

4.62 

37-05 

58.63 

2.42 

6-33 

-K~Na. 


36.79 

60.34 

2.93 

7-33 


between wet epicotyl weights, between 
wet weights of entire plants (without 
roots), and between dry epicotyl weights. 
Differences significant at the 5% point 
were found between wet weights of axes 
(without cotyledons and roots), between 
dry weights of axes, and between wet 
weights of cotyledons. Differences be- 
tween treatments of original seed weights 
were not significant, nor were differences 
between dry weights of 1 5-day h3^o- 
cotyls, nor between any wet or dry 
weights of parts or complete plants at 
7 days. 

There was no visible difference among 
the roots of plants from the various 


Virginia peanuts, certain well-known 
potassium-deficiency symptoms became 
recognizable as early as the 7th day after 
planting. It is especially interesting that 
these symptoms were induced in such a 
short time in a seedling which, according 
to analyses cited by Winton and Win- 
ton (27), contains 35-40% K2O in the 
ash of the seed. 

In the following discussion of the con- 
dition and metabolism of the cotyledons 
the writer has placed more emphasis on 
the middle part of the period covered by 
the experiments (although not to the ex- 
clusion of the later conditions); it is 
thought that their metabolism during 


TABLE 3 

Analytical DATA, experiment II 



TABLE 4 

Wet and dry weight data, experiment III 


Material 


'^-day plants:* 

Original seeds, air-dry. 


Cotyledon pairs, wet 

Axes plus cotyledons, wet. 

Axes alone, wet. . 


Axes alone, air-dry. 


1 5 -day plants:^ 

Original seeds, air-dry. 

Cotyledon pairs, wet. . 


Axes (without roots) plus cotyle- 
dons, wet — ....... 


Axes without roots or cotyledons, | 
wet 


Axes without roots or cotyledons,! 
air-dry ....... 


Epicotyls, wet . 


Epicotyls, air-dry . 


Hypocotyls, without roots, air- 
dry 


Treatment 


-fK-Na 
-K+Na ■ 
-K--Na 

+K-Na 

-K+Na 

-K-Na 

+K-Na 

-K+Na 

-K-Na 

+K-Na 

-K+Na 

-K-Na 

+K-Na 

-K+Na 

-K-Na 


+K-Na 

-K+Na 

-K-Na 

+K-Na • 

-K+Na 

-K-Na 

+K-Na 

-K+Na 

-K-Na 

+K-Na 

K+Na 

K-Na 

+K-Na 

-K+Na 

-K-Na 

+K-Na 

-K+Na 

-K-Na 

+K-Na 

-K+Na 

-K-Na 

+K-Na 

-K+Na 

-K-Na 


Mean weight 
(gm.) 


0.869 

0.860 

0.889 

1. 431 
1.444 
1.469 

3.006 

2.928 

2.986 

I-5SI 

1.472 

1.509 

o, 160 
o. 146 
0.152 


0.858 

0.898 

0.858 

0.849 

0,941 

0.991 

5-615 

5-292 

4.906 

4.721 

4-374 

4.067 

0.422 
o . 401 

0.369 

2 . 402 

2.139 

1.872 

0.229 

0.215 

0.195 

0.186 
o. 187 
o. 176 


Standard 

deviation 


O.072I 
.067^ 
, 086 J 

•133 

. 128 

.137. 

.279 
. 260 
.230. 

.251 
. 220 
. 2II 

.098 

.024 

.026 


.092 
' .104k 
.075) 

.183' 

.216 

■ 164J 

.796 
.772 
• 578 

.671 

.853 

•929. 

.066' 

.052 

.067, 

.428 

.388 

•370, 

.046 

.034 

.032 

.039 

.034 

0.044 


1. 3^5 

1.376 

1.151 

1.076 

2.329 

2 . 105 

4- 509! 

7 . o66§ 

4.760! 

4.692! 


6.325§ 


1.933 


Degrees of 
freedom 


2, 105 


2, 105 


2 , lOS 


2, 105 


2, 105 


2, 97 


2, 97 


2, 97 


2, 97 


2, 73 


2, 97 


2, 93 


2, 77 


* Based on thirty-six plants in each treatment, 
t Based on twenty-three to thirty-five plants in each treatment. 

X Significant at odds of 19:1. § Significant at odds of 99:1. 
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this earlier period was more free than additionalterminalmeristems would im- 
during the later period from the effects of pose a seriously accelerated demand on 
the hunger metabolism which supervenes the potassium reserves of the seed (5, 15, 
as the cotyledonary reserves become ex- 21); it could thus bring on not only the ' 

hausted and which might be expected to reversal of relative respiratory rates be- 
mask the effects of the treatments (22). tween the two treatments but the stunt- 
Dry MATTER— Dry weights of coty- ing of the . epicotyls of the — K — Na 
ledons and plant axes at 7 days were less plants in comparison with the other two 
under —K—Na and much less under (+K — Na and — K +Na) treatments. 

— K +Na conditions than in the con- In the —K +Na plants the situation 
trols (tables 2-4). This is interpreted as is not so severe, probably because of the 
confirming the frequently reported symp- effectiveness of sodium in partially re- 
tom of potassium deficiency— exalted lieving the potassium deficiency (i, 8, 
respiratory rate (7, 19, 25). In addition, ii). 

it indicates that the presence of large Moisture contents of cotyledons (ta- 
amounts of available sodium in the ab- bles 2, 3), of axes, and of entire plants at 
sence of much potassium induces a higher 7 days were slightly higher in — K +Na 
respiratory rate than is shown by plants than in other treatments. Differences in 
deprived of both sodium and potassium, moisture content between treatments at 
Such a situation has not come to the 15 days were not consistent in experi- 
writer’s attention through the literature, ments II and III. In general, the mois- 
This differential in loss of dry weight be- ture content differences were small arid 
tween treatments is paralleled by a differ- afforded little basis for conclusions with 
ential in rates of utilization of lipid and respect to the effect of potassium de- 
protein reserves. ficiency on turgidity of tissues. 

Dry weights of cotyledons at 15 days Carbohydrates.— Carbohydrates are 
were least under +K — Na and greatest of minor importance from a quantitative 




under —K +Na conditions: this appar- standpoint among the peanut seed re- 
ently is analogous to the situation earlier serves, as they constituted only 2.27% of 
observed in cocklebur. At the same time, the dry weight of the cotyledons. Data 
weights of plant axes and entire plants for carbohydrates in the cotyledons also 
were greatest under +K ^Na and least show conflict between experiments II 
under — K — Na conditions. It is and III; this may have been because of 
thought that this change in relationships slight differences in experimental con- 
compared with the status at 7 days was ditions between experiments. Such dif- 
due to the change in character of growth ferences would be accompanied by small 
between the 7tli and isth days; during differences in metabolic states of the de- 
this period the entire lateral root system veloping tissues which might have been 
of the seedling was developed. At the great enough to cause the conflicting re- 
7th day the primary root was short, suits. 

smooth, and branchless, while at the In experiment II the amount of carbo- 
iSth day its upper half was covered with hydrate in the cotyledons was inversely 
laterals varying in length from 3 to 4 cm. related to the amount of lipid remaining; 
at the base of the hypocotyl to mere this is what would usually be expected 
swellings at the mid-length of the pri- from a consideration of the results of 
mary root. The development of so many Peters (16), Laskovski (10), Miller 
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(14) , and others with germinating fatty 
seeds. This was not confirmed, however, 
by experiment III. 

In contrast to the observation of Day 
(4) , but in agreement with that of Night- 
ingale et al. (15) on tomato stems, there 
was no apparent interference with the 
plant’s ability to form starch in these ex- 
periments under — K -(-Na nutrient con- 
ditions, since appreciably more starch 
was found in the cotyledons at 7 days 
(experiment II) and in the histological 
sections of — K -[-Na petioles and hypo- 
cotyls at both 7 and 15 days than in the 
-|-K — Na plants. 

Protein. — ^The fate of the protein re- 
serves was similar to that of the other 
complex reserves. The cotyledons be- 
haved like the senescent leaves described 
by Richards and Templeman (19) in 
that proteolysis proceeded rapidly, thus 
making the amino acids available to the 
growing axis. The rate of protein loss 
from the cotyledons was increased by 
— K d-Na conditions compared with the 
control (fig. I, table 3) during the earlier 
period of growth; eventually the values 
for protein remaining in the cotyledons 
under the two treatments drew together 
again as the reserve protein approached 
exhaustion at the 15th day. This situa- 
tion is similar to those described by 
Richards (17) and by Wall (25), 
in which high respiratory rate and 
— K -j-Na nutrition were combined; in 
this case, however, they were not ac- 
companied by more soluble nitrogen, at 
least in the cotyledons, probably because 
all available soluble nitrogen compounds 
were being used in protein synthesis in 
the rapidly growing axis. This would be 
expected, especially if potassium is neces- 
sary specifically for the early stages of 
nitrate reduction (15) or for the conver- 
sion of ammonium to other soluble ni- 
trogen compounds (18), but not if po- 


tassium is necessary only for the final 
stages of protein synthesis from amino 
acids (7, 2S). In this regard the writer fol- 
lows the opinion expressed by Tiedjens 
and Wall (24) in discussing the effect of 
potassium deficiency on carbohydrate 
formation — that these effects are “due to 
injury to the protoplasm because ion bal- 
ance is lacking rather than to any spe- 
cific unfilled catalytic role of potassium.” 
In other words, the imbalance resulting 
from the substitution of potassium by 
sodium or any other ion disturbs proto- 
plasmic function along a wide front, 
which seems plainly evident from the 
results of these experiments. 

Lipids.— The curve representing the 
rate of loss of lipids from the cotyledons 
(fig. i) parallels that for the decrease in 
amount of protein present, except that 
the rate was slightly faster over the 15- 
day period. In the case of lipids, as with 
proteins, — K -fNa conditions led to 
more rapid loss of reserves during the 
earlier part of the period studied than 
was true under -[-K —Na conditions. 
This may have been merely a response 
to the greater respiratory rate of the 
— K -t-Na plants. It is thought, however, 
that such an explanation fails to account 
for the larger amount of carbohydrates in 
the — K -[-Na plants. It seems that 
there may be a direct effect of — K -fNa 
nutrition to increase the lipolytic rate in 
the cotyledons. A hypothesis might be 
advanced that potassium plays a specific 
role in protecting the lipid reserves from 
the lipolytic enzymes and that, when so- 
dium is substituted for potassium, either 
(a) the permeability to the enzymes of 
the membrane surrounding the lipid 
droplets is lowered, or (b) the surface per 
gram of lipid is so greatly increased ow- 
ing to the lowering of the interfacial ten- 
sion between the fats and the proto- 
plasm that much more rapid destruction 
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of the fats by lipase results, or (c) both. 
Modification of the permeability of 
membranes surrounding an enzymatic 
substrate has been suggested by Co- 
viLLE (2) to account for the change of 
starch from a state of immunity to one 
of vulnerability toward diastase, or the 
reverse, in the continuous presence of 
that enzyme. 

The reasoning in regard to the rela- 
tionship of sodium and potassium to the 
protection of the lipid substrate from 
esterases is supported by the work of 
Clowes and of Harkins and Zollman 
as described by Gortner (6). These 
workers showed that sodium chloride in 
solution greatly increased the surface of 
a given quantity of olive or paraffin oil 
dropped into the solution by lowering 
the interfacial tension of the system, 
while calcium chloride exerted the oppo- 
site effect. It will be noted that the 
— K — Na plants, which were grown 
with a slight excess of calcium in com- 
parison with the other two treatments, 
retained more lipid in the cotyledons 
than either of the other two groups of 
plants both at 7 and at 15 days after 
planting. 

Lipolysis may be so rapid under cer- 
tain circumstances (experiment II) that 
carbohydrates originating from the break- 
down are ^‘forced’’ into a storage state 
by mass action; or, on the other hand, it 
may proceed somewhat more slowly (ex- 
periment III) or may be exceeded by an 
exalted respiratory rate to such an ex- 
tent that appreciable storage carbohy- 
drates do not result. It is thought that 
this is a pertinent consideration in at- 
tempting to explain the failure of ex- 
periment III to duplicate the trends in 
carbohydrate distribution shown by ex- 
periment II. 

In explaining the occurrence of more 
lipid in the -K +Na cotyledons at 15 


days than in the +K —Na cotyledons 
(the reverse of the situation at 7 days), 
two suggestions may be made. One is 
that prolonged potassium starvation re- 
sulted in malfunctioning of the trans- 
locating mechanism specifically with re- 
spect to the products of lipid destruction 
and that this depressed the hydrolysis of 
storage fats toward the end of the experi- 
mental period. There was evidence of the 
accumulation of carbohydrates in the 
cotyledons of the — K — Na plants of 
experiment III, which might possibly be 
considered as owing to interference with 
their translocation. Such an explanation 
would not only be contrary to the con- 
clusions of Nightingale et al (15), who 
found translocation unimpeded under 
—K conditions, but would also be at 
variance with the facts that (a) no ana- 
tomical differences in phloem structure 
between treatments was evident and 
that (b) there was no interference with 
amino acid translocation. Invocation of 
any such explanation would thus imply 
a translocation mechanism of great spec- 
ificity, in which the transport of one 
class of substances normally transported 
could be impeded independently of other 
classes of substances. On the other hand, 
slight reduction of the cross-sectional 
area of phloem tissue has been reported 
by Watts (26) to accompany potassium 
deficiency in the seedling tomato, and it 
does not seem impossible that a certain 
amount of impedance or malfunctioning 
of the translocation tissue could exist 
before it becomes evident microscopi- 
cally. 

The preferable explanation seems to 
be that the reversal of rate of utilization 
of lipid reserves between treatments was 
bound up in a manner unknown at pres- 
ent with the radical change in morphol- 
ogy and physiology of the developing 
seedling which intervened between the 
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7th and 15th days (see above, ^^Dry mat- 
ter"). 

Summary 

1. Virginia peanuts were grown in the 
dark in pots of quartz sand and were 
watered daily or every second day with 
either a complete nutrient solution 
(H-K — Na), a solution in which sodium 
had been substituted for potassium 
(— K +Na), or one in which neither 
sodium nor potassium was present 
(--K-Na). 

2. Cotyledons were harvested at the 
6th or 7 th and again at the 15th day 
after planting, were counted, weighed, 
and analyzed for reducing and total 
sugars, starch and dextrins, acid-hy- 
drolyzable substances, soluble and in- 
soluble nitrogen, and total lipids. 

3. At 7 days carbohydrates were more 
abundant and lipids and crude protein 
less abundant in the —K +Na than in 
the +K — Na cotyledons. At 15 days 
the lipid relationship had reversed itself. 
Plants grown with -“K — Na solution 
had somewhat more lipid material in 
their cotyledons at each stage than either 
of the other groups. 

4. Determinations of lipolytic activ- 
ity and histological study of the vascular 
structure of the cotyledonary petiole re- 
vealed no differences between treat- 
ments at 7 or 15 days. 

5. The total dry weight of plants 
at both 7 and 15 days was less for 
— K +Na than for +K — Na plants; 
this is interpreted as indicating a higher 


respiratory rate owing to potassium de- 
ficiency. 

6. The more rapid utilization of pro- 
tein under —K +Na conditions is prob- 
ably a reaction to the low availability of 
potassium for the catalysis of nitrate 
reduction. Since the latter condition lim- 
its the opportunity for the formation of 
amino acids in the —K plants, such new 
protein as is formed in the developing 
seedling axis must come from resynthesis 
of the proteins withdrawn from the re- 
serve areas. 

7. Histological preparations revealed 
the presence of several times as much 
starch in the seedling axis of the —K 
plants as in the controls. This appears 
to be confirmatory of the seedling’s in- 
ability to utilize carbohydrate in protein 
synthesis. 

8. No definite evidence of interference 
with translocation under —K conditions 
was found. 

9. It is suggested that potassium may 
have a specific role in protecting the lipid 
substrate from lipase. 

10. Additional evidence was obtained 
that sodium may to a certain extent al- 
leviate potassium deficiency. 

Sincere appreciation is expressed for 
the advice and encouragement of Pro- 
fessors Scott V. Eaton and Charles A. 
Shull, as well as other members of the 
Department of Botany of the University 
of Chicago who assisted the writer in 
many ways during the course of this 
work. 
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DEVELOPMENT OF THE EMBRYO OF THYMELAEA ARVENSIS 


J. VENKATESWARLU 


Introduction 

Although the Thymelaeaceae have re- 
ceived considerable attention from mor- 
phologists, no accurate and detailed ac- 
count of the development of the embryo 
of any species in the family is available. 
Therefore, the writer undertook an em- 
biyological study of Thymelaea arvensis 
Lamk. and published some observations 
elsewhere (10). Since then, he has had 


the benefit of certain suggestions from 
Dr, D. A. Johansen, in the light of 
which it became desirable to make a re- 
vised study of the embryogeny of this 
species. The present paper embodies the 
results and includes some new illustra- 
tions. After the present investigation was 
completed, the writer came across the 
paper by SouEGES (9) on Daphne me- 
zereum. 
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Material and methods 

The material was collected from plants 
growing at Sopore, Kashmir, India, and 
was fixed in formalin-aceto-alcohol by 
Professor A. C. Joshi. After imbedding 
in paraflin, sections were cut 10-14 /x 
thick and stained in Heidenhain’s iron 
hematoxylin. 

Investigation 

The first division of the zygote is 
transverse (fig. i) and occurs after a few 
endosperm nuclei are formed. Very soon 
a three-celled proembiyo is evident. 
Since the division leading to this stage 
was not observed, it is not possible to 


TABLE 1 

Origin of parts of mature embryo 

FROM SPECIFIC CELLS OF PROEMBRYO 


Cells of proembryo 

Derivative 

e 

Stem apex 

ct<^ 

q 

Cotyledons 

m 

Hypocotyl 

n 

Major portion of root 

0 

Root apex and root cap^ 

P 

Suspensor 

state definitely 

whether the middle cell 


is derived from the basal or the terminal 
cell of the two-celled proembryo. Fuchs 
(3), who studied some early stages of 
embryo development in Daphne laureola, 
stated that the middle cell is derived 
from the terminal cell of the two-celled 
proembryo. In D. mezereum, however, 
the middle cell is derived from the basal 
cell according to Soueges (9). 

For convenience of description the 
cells of the three-celled proembryo are 
designated as follows: the cell nearest the 
micropyle, ci; the middle ceU, m; and the 
terminal cell, ct. 

First the terminal cell, c^, divides by a 
slightly oblique wall into two juxtaposed 
cells, a and b, one of them slightly smaller 


than the other (fig. 2). The next wall is 
erected in the larger of these two cells 
and is diagonal. The upper daughter cell 
arising out of this division is triangular in 
outline and forms the epiphyseal initial 
in the terminal tier. The middle cell, m, 
undergoes two longitudinal divisions in 
which the vertical walls are arranged 
perpendicularly to each other. The four 
cells resulting are arranged in a circum- 
axial manner (figs. 3, 4) S> 7 )- The cell ci 
also undergoes a transverse division, pro- 
ducing two superposed cells, n and Mb 
The latter of these divides transversely 
to form two superposed cells, 0 and p 
(figs. 3, 4, s, 6). 

The relation of the different organs of 
the mature embryo to specific cells of the 
proembryo is shown in table i . 

Segmentation in the various tiers of 
the proembryo proceeds in a basipetal 
order. The epiphyseal initial, e, first di- 
vides by a vertical wall (figs. 4, 5, 7). 
The daughter cells undergo periclinal 
divisions, as a result of which the epider- 
mal initials in the region of the stem apex 
are differentiated. The inner cells under- 
go a few more divisions. The derivatives 
of the epiphyseal initial are perceivable 
as a distinct group of cells (figs. 10, 15- 
17), the epiphyseal region, which consti- 
tutes the stem apex. The three sub- 
epiphyseal cells, q (fig. 5), first divide 
periclinally to differentiate the epidermal 
initials in that region. The derivatives 
of the subepiphyseal cells form the coty- 
ledons of the mature embryo (figs. 6-17). 
The four cells of tier m are first divided 
longitudinally (fig. 6). Periclinal divisions 
take place and result in the differentia- 
tion of the epidermal initials in this tier 
(fig. 8). The inner cells also divide longi- 
tudinally and transversely (figs. 13, 15, 
16). Differentiation into the three histo- 
genic layers occurs in this tier before the 
appearance of the cotyledonary pro- 




Figs, i~i8.— Stages in the development of embryo of Thymelaea arvensis. a^ h, daughter cells formed 
from terminal cell (c/) of proembryo; m, middle cell of proembryo; ci, basal ceil of three-celled proembryo; 
g, cotyledon-forming region of terminal tier; upper daughter cell formed from first division (transverse) 
of ci; 0, p, upper and lower daughter cells formed from (lower daughter cell of ci)i pei periblem|j 5 >/, pierome. 
Figs. 1--17, Xioo; fig. i8, X222. 
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tuberances in the subepiphyseal region 
(fig. 17). Segmentation of the cells in the 
tier formed by cell n follows that in m 
and is similar. The derivatives of n (the 
upper daughter cell derived from the first 
division of cell ci) form the major part of 
the root. Cell 0 (the upper daughter cell 
arising from the first transverse division 
of divides twice longitudinally to 
form four circumaxially arranged cells 
(the hypophysis). Tangential divisions 
take place in these and result in the for- 
mation of an inner and an outer layer of 
cells (fig. 16). The inner cells undergo 
transverse divisions and produce the 
two layers of cortical initials of the root 
apex. The outer layers, by further peri- 
clinal and anticlinal divisions, give rise 
to the root cap. Cell p (the lower daugh- 
ter cell arising out of the transverse divi- 
sion of «’) divides once or twice trans- 
versely and forms a short suspensor, two 
or three cells in length (figs. 10, 12-16). 
One of the cells of the suspensor may un- 
dergo a longitudinal division (figs. 10, 
14-16). 

Discussion 

The observations show clearly that in 
the embryogeny of T. arvensis deriva- 
tives of both the terminal and the basal 
cells of the two-celled proembryo con- 
tribute to the formation of the embryo 
proper. This is characteristic of the 
Asterad Type of embryo development. 
Johansen' (5), for the first time, recog- 
nizes some variations under each type of 
embryo development. Under the Asterad 
Type, that of Erodium cicutarium de- 
scribed by SotJEGES (7) is recognized as 
the Erodium Variation. This is charac- 
terized by the formation of an epiphysis 
in the terminal tier and the presence of a 

^ Dr. D. A. Johansen kindly furnished relevant 
information relating to the variations of the Asterad 
Type of embryo development and about our present 
knowledge of the embryology of the Myrtales. 


suspensor. T. arvensis is embryonomical- 
ly similar to Erodium cicutarium and 
keys out to the same variation. 

SouEGES (9) worked out in detail the 
development of the embryo of D, meze- 
reum. In this species no epiphyseal initial 
is delimited, in contrast to the situation 
in r. arvensis. The basal cell {ch) of the 
two-celled proembryo divides first by a 
vertical or slightly oblique wall into two 
juxtaposed cells (w and ci). In T. arven- 
sis, however, the basal cell {ci) and the 
middle cell (m) of the three-celled pro- 
embryo are superposed in their positions. 
In D. mezereum, m and ci divide further. 
The former cell segments by a vertical 
wall, and the latter by an oblique wall in 
the horizontal plane to give rise to two 
daughter cells termed ^ and n^. The 
derivatives of m and n contribute to the 
formation of the hypocotyledonary re- 
gion, and those of produce the root 
apex. No suspensor is. formed. The em- 
bryogeny of I). mezereum thus follows the 
Asterad Type. However, the develop- 
ment of the embryo of D. mezereum dif- 
fers from that of T\ arvensis in the ab- 
sence of an epiphysis and in the nonfor- 
mation of a suspensor. Both these fea- 
tures are characteristic of the Penaea 
Variation of the Asterad Type, and the 
case of D. mezereum keys out to this 
variation. 

In the Engler system of classification 
(2) the Thymelaeaceae, Penaeaceae, 
Geissolomataceae, Elaeagnaceae, and 
Oliniaceae are included in the subseries 
Thymelaeineae under the series Myrti- 
florae. Bentham and Hooker (i) re- 
moved the Thymelaeaceae, Penaeaceae 
(including the Geissolomataceae), and 
Elaeagnaceae to the Monochlamydeae, 
in which they were placed together with 
Laurineae and Proteaceae in the series 
Daphnales. Hutchinson (4) made a 
departure from both the above arrange- 



( ments and erected a separate order, bryogeny in the various families with 

Thymelaeales, under which he brought which the Thymelaeaceae have been 

together ^ the Thymelaeaceae, Penaea- held to be related, the present study sup- 

ceae, Geissolomataceae, and Nyctagina- ports a close alliance between the Thy- 

ceae, the last family being included by melaeaceae and Combretaceae, on the 

I most systematists in the order Centro- one hand, and also with the Geissoloma- 

i spermales. The rest of the families of the taceae and Penaeaceae, on the other. 

I Myrtiflorae (of Engler’s system) are di- Further, it also supports the grouping- 

; vided into two orders, the Lythrales and together of the Thymelaeaceae, Geisso- 

Myrtales. According to Engler, the lomataceae, Penaeaceae, and Nyctagi- 

1 Thymelaeales were derived from the naceae as proposed by Hutchinson, 

I Caiyophyllales through the Lythrales. since in all these families the Asterad 

Embryo development in the Lythra- Type of embryo development takes 

, ceae, Sonneratiaceae, Onagraceae, and place, the difference between them being 

I Myrtaceae takes place according to the only one of variation. Even within the 

« Onagrad Type (the outmoded Capsella family Thymelaeaceae two variations of 

Type). According to Johansen (5), the the Asterad Type seem to occur. As such, 

,j embryo development in Rhizophora man- the differences in variation do not seem 

! gle “is said ^to be probably of the Cap- to be of primary importance in phylo- 

sella Type,’ though the evidence is un- genetic considerations, 

convincing”; in the Melastomaceae “it is It may also be mentioned that the 
: probably according to the Solanad Nyctaginaceae differ from the other 

j‘ Type.” In the rest of the families in- families included in the order Centro- 

eluded under the subseries Myrtineae in spermales in that embryo development 

the Engler system, our knowledge of is of the Asterad Type. Hence the em- 

the embryogeny is in an unsatisfactory bryological evidence does not favor its 

condition. The writer has recently stud- placement in the Centrospermales. 

ied the development of the embryo of 

Poivrea coccinea^ one of the Combreta- Summary 

! ceae, and found it to conform to the Ero- j. xhe embiyo development of Thy- 

dium Variation of the Asterad Type. In melaea aroensis has been described in de- 
the Penaeaceae and Geissolomataceae, tail. It conforms to the Erodium Varia- 
which are included in the subseries Thy- tion, Asterad Type, 
melaeineae, the embryo development 2 . A comparison of the embryogeny 
keys out to the Penaea Variation, As- of the Thymelaeaceae with allied families 
terad Type. In this variation the embryo supports a relationship between that 
i is globular and no suspensor is formed. family and the Combretaceae, on the one 

I For the Nyctaginaceae the embryo de- hand, and the Thymelaeaceae, Geisso- 

yelopment was described in Oxybaphus lomataceae, and Penaeaceae, on the 

viscosus by Soueges (8) and in Boer- other. The clevelopment of the embryo 

haavia diffusa and B, repanda by Ka- in the Nyctaginaceae differs from that in 

j JALE (6). It takes place according to the the rest of the Centrospermales and re- 

'! Polygonum Variation, Asterad Type. In sembles that of the above-mentioned 

' this variation a suspensor is formed, but families. Consequently, Hutchinson’s 

no epiphysis is differentiated. action in placing the Nyctaginaceae to- 
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ceae, and Geissolomataceae is favored by 
the embryogenie evidence. 

The writer is grateful to Dr. D. A. 
Johansen of Pomona^ California, for his 
kind interest, critical suggestions during 


this investigation, and help in the prepa- 
ration of the paper. He is also thankful 
to Professor A. C. Josm, Government 
College, Lahore, India, for the material 

Andhra University 
Waltair, India 
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A Botanist in Southern Africa. By John Hutchin- 
son. Foreword by John C. Smuts. London: P. R. 

Gawthorn, Ltd., 1946. Pp. 686 + 49 P^s. £2 55. 

Modern scientific writing is often impersonal in 
character and presentation. It is therefore a re- 
freshing experience to read the delightful and highly 
informative travelogue of Hutchinson’s expedi- 
tions in southern and central Africa, including a 
trip to Lake Tanganyika as guest of General 
Smuts in 1930. In fact, the responsive reader will 
be tempted to pack his things at once and start out 
on his own expedition to this botanical El Dorado. 
Enthusiasm for the rich and extraordinary plant life 
of southern Africa coupled with a fine sense of humor 
pervades the book, as the narrative progresses from 
day to day and place to place, often following the 
tracks of early explorers. The numerous photo- 
graphs, drawings, and maps add materially to the 
enjoyment of reading and the botanical instruction 
of those unable to visit Africa. Hutchinson’s mod- 
est appraisal of his own product as a ^‘pot pouri 
of my impressions and expressions on a botanical 
tour in South Africa with an account of the plants 
that I saw on the way” covers only part of the book 
but does not indicate the many observations and new 
ideas he managed to crowd into it. 

Thus, the beginning chapters (i, 2, 8) , devoted to 
general discussions, disclose Hutchinson’s un- 
reserved acceptance of Wegener’s displacement 
theory as the explanation of the origin and affinities 
of the flora of southern Africa. Some of the closing 
chapters (29-31) represent admirable summaries 
of early botanical work in South Africa, of botanical 
literature pertaining to its flora, and of the floral re- 
gions generally distinguished. The author’s own col- 
lections are recorded at the end of each chapter 
and rearranged in chronological sequence in chapter 
34 at the end of the book. As counted by the review- 
er, descriptions and accounts of fifty-two new or in- 
adequately known species, and new combinations as 
well as one new composite genus {Zotitpansbergia), 
are provided in the abundant footnotes. 

Using his broad experience gained through pro- 
longed occupation with the flora of tropical Africa 
and his newly acquired knowledge of the flora of 
southern Africa, Hutchinson prepared chapter 32 
on “A New Phylogenetic Arrangement of the Fam- 
ilies of Gymnosperms and Flowering Plants Repre- 
sented in South Africa.” This treatment supersedes 
in many respects his well-known two-volume set 
entitled Families of Flowering Plants. Although 
some “basic” groups such as Magnoliaceae, Dillenia- 
ceae, etc., are missing in South Africa, they are indi- 
cated at least by name in brackets in order to show 


the entire system as now arranged by Hutchinson. 
Some significant changes concern the dissolution of 
the Gamopetalae and the disposition of its former 
members among their nearest relatives in the Archi- 
chlamydeae. The distinction of two phyla, viz., 
Lignosae and Herhaceae in the Dicotyledones, fore- 
shadowed in his earlier work, is here carried to its 
logical conclusion, separating the “one fimdamental- 
ly and remaining predominantly woody” from “the 
other fundamentally and remaining predominantly 
herbaceous.” For, in the author’s opinion, “the 
woody and herbaceous branches are considered to 
have been evolved side by side, the woody being 
probably the older,” Although all stocks and their 
probable sources of derivation are listed in consecu- 
tive order — the pages must be read from the bottom 
up — the appended chart (in color) readily transmits 
the concepts and arrangements proposed in the text. 
At this point the reader is inclined to agree mth 
Hutchinson’s statement that “the more truly nat- 
ural a system becomes the more difficult it is to ex- 
press on paper.” The chart also shows other changes 
made, viz., that the Araliales (Cornaceae and Aralia- 
ceae) are “here regarded as representing a parallel- 
ism with Umbelliferae” and that the grasses appear 
as the “most advanced of all” Monocotyledones. 

These examples clearly indicate the great impor- 
tance of this book to the botanist as a source of in- 
formation and new concepts beyond the great per- 
sonal pleasure awaiting him on reading it. Its useful- 
ness could have been enhanced by the inclusion of 
an index to plant names, localities, and persons. The 
price appears reasonable in view of the excellence of 
its physical makeup and the fine quality of paper 
used.— Theodor Just, Chicago Natural History 
Museum. 


Pfianzliche Infektionshhre: Lehrhuch der allgemeinen 
Pfianzenpaihologie fur Biologen, Forster und 
Pflanzenziichter. By Ernst Gaumann. Basel: 
Verlag Birkhauser, 1945. Rp. 6114-311 figs.4"90 
tables. 

The book under review had its origin in lectures 
delivered during the last 20 years by Professor 
Gaumann to his classes at the Eidgenossichen 
Technische Hochschule in Zurich. It is designed to 
acquaint the reader with the theory of plant infec- 
tions, i.e., “with some biological problems which lie 
at the basis of the diseased state, rather than with 
special plant pathology” (the knowledge of individ- 
ual diseases) and so “to supplement plant pathologi- 
cal instruction on its theoretical side.” 
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To accomplisli these ends, Gaitmann presents the 
parasitological and epidemiological points of view 
by means of selected examples and delimits the tech- 
nical terms, some of which, even now, have become 
part of daily usage. Since many of these terms had 
their origin in medicine and have experienced shifts 
in meaning as they entered the botanical field, devia- 
tions between phytopathological and medical think- 
ing are indicated in the book. As a result the volume 
contains many comparative discussions of the the- 
oretical aspects of infectious diseases in animals and 
plants. Although Gaumann is aware that an’mals 
and flowering plants are capable of acting as disease 
incitants in plants, and the book contains much in- 
teresfng material bearing on the mistletoe diseases 
of plants, he restricts its scope to “viroses, bac- 
terioses, and mycoses,” which he designates “true 
infectious diseases.” In spite of this limitation of its 
scope, and of the author’s awareness of the existence 
of a vast domain of plant diseases in which infects 
play no causative role whatsoever, the book carries 
the subtitle “Textbook of General Plant Pathology.” 
Also, it is surprising that, while the author states 
that “every disease rests primarily on a functional 
disturbance of the organism,” he nevertheless uses 
the tautological expression “physiological disease” 
to designate the diseases not incited by infects. The 
book approaches a true general plant pathology in 
two sections of chapter 5* One of these sections deals 
with the morphological-anatom cal manifestations 
of infectious diseases; the other, with their physio- 
logical manifestations. Both sections are very well 
done. 

Gaumann’s success in pointing out deviations 
between medical and phytopathological thinking re- 
veals the inadequacy of much of the terminology and 
of many of the concepts current in theoretical think- 
ing about infectious diseases. This inadequacy is es- 
pecially evident in the section dealing with the re- 
sponses designated “defense reactions,” including 
the phenomena of immunization and of immunity. 

Gaumann envisages the complicated relations 
between infect and host in an infectious disease as a 
battle and has frequent recourse to the language of 
conscious purposive behavior to describe and to ex- 
plain the complex interplay of the activities of infect 
and of host. Also, in chapter 5, one reads: “An in- 
fectious disease is more than the mere reactions of 
the host to the infect; it forms an independent proc- 
ess, and independent biological complex. .... In- 
citant and host unite themselves, after infection has 
been established, into a life community of a higher 
order which is more than their mere summation.” 

The vast subject matter of the 571 closely printed 
pages of text is presented in an excellent introduction 
and in six chapters with the following headings: 
“Infection,” “Infect Chains (Infektketten),” “The 
Parasitic Qualifications of Incitants (Die para- 
sitische Eignung der Erreger),” “Disease Suscepti- 
bility of Hosts (Die Krankheitsbereitschaft der 


Wirte),” “Disease (Die Erkrankung),” and “Con- 
trol {Bekampfung) of Infectious Plant Diseases.” 
There is an excellent and detailed table of contents. 
The literature citations are grouped in ten pages at 
the close of the book, and there is an index. 

The book reveals an amazing mastery of the 
enormously diverse subject matter which is pre- 
sented interestingly and effectively. There is a 
wealth of good graphs, photographs, drawings, 
tables, and maps. The volume is a contribution of the 
first order, and, ' although a textbook and not a 
manual, it nevertheless is a veritable mine of per- 
tinent factual material organized on a theoretical 
basis. 

Printing and binding are an achievement under 
postwar conditions. The book is an example of intel- 
lectual vigor and activity in the midst of terrific 
distractions. Every botanist interested in infection 
and infectious disease in plants will find it profitable 
to consult and to study this book. Finally, the book 
indicates that Gaumann’s students are the bene- 
ficiaries of an unusually high level of phytopathologi- 
cal instruction. — George K. K. Link. 


General Horticulture. By Thomas J. Talbert. 

Philadelphia: Lea & Febiger, 1946. Pp. 452. 

Ulus. $4.00. 

This volume aims to present .a “clear and con- 
cise treatise on general horticulture” for under- 
graduates in schools and colleges and for progressive 
producers. In this it succeeds in so far as north 
temperate deciduous fruits are concerned, but it 
might properly be considered as failing in its ob- 
jective by one seeking full information on vegetable 
crops and ornamental horticulture. This situation 
comes about by .virtue of the fact that Talbert 
has used Fruit published in 1939, as the basis 
for General Horticulture ^ adding five chapters to 
this re-written text in order to broaden its scope. 
There are approximately 320 pages devoted to de- 
ciduous north temperate fruits, 20 pages to vege- 
table-growing, 25 pages to beautifying the home 
grounds, 25 pages to nut-tree culture, 30 pages to 
tropical and subtropical fruits, and 20 pages to 
handling and distributing horticultural crops. 

Talbert has succeeded in including a wide range 
of fundamental information, concisely stated, with 
selected references at the end of each chapter for 
those who may seek an elaboration on particular 
topics. He has succeeded also in tying these funda- 
mentals to the practical problems of horticulture, 
drawn from his wide experience from field contacts, 
fruit-growers’ meetings, and conferences. The 
result is a book with a distinctly horticultural point 
of view that should be found very useful in north 
temperate regions where the emphasis is placed 
upon fruits. — H. B. Tukey. 
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The Nature and Prevention of the Cereal Rusts as 

Exemplified in the Leaf Rust of Wheat. By K. 

Starr Chester. Waltham, Mass.: Chronica 

Botanica Co.; New York: Stechert-Hafner, Inc., 

1946, Pp. xvi4-269. $5,00. 

• As indicated by its title, this publication deals 
primarily with the leaf rust of wheat, which Chester 
chooses to consider as a species, Puccinia friiicina 
Erikss. The Introduction gives a brief summary of 
the history of the disease and the names applied to 
it. In following chapters the origin, distribution, and 
economic importance of the rust and its effect on its 
hosts are discussed. The importance of the leaf rust 
as an economic factor has only recently been under- 
stood, Chester points out not only that it may be 
very important in epiphytotic seasons, such as 1938, 
wLen a loss of more than 100,000,000 bushels of 
wLeat occurred in ’the United States, but that the 
fairly regular general drain on the. profits of agricul- 
ture may be even more important. 

A summary of the information concerning the 
morphology, physiology, and cytology is given. 
The heteroecism of the rust and the role of the aecial 
stage are discussed. Two chapters are devoted to 
physiologic specialization. The reactions of the 
varieties of wheat differentiating the physiologic 
races of the rust are described. The effects of envir- 
onmental factors on these reactions are discussed, 
and it is concluded that the reactions of the varieties 
Carina, Brevit, and Hussar are so unstable that 
accurate separation of physiologic races of the rust 
by their reactions is not possible. It is recommended 
that their use as differential varieties should be dis- 
continued, and a reclassification of the physiologic ' 
races of the rust is given. 

Two chapters are devoted to the factors affecting 
rust survival and development. The effect of hu- 
midity, temperature, and light upon spore germina- 
tion, infection, and development of the rust through 
effects on its hosts are discussed. The importance of 
the hibernation and aestivation in the uredinial stage 
is emphasized. Chester presents evidence that 
there is a “critical month” in the spring, that having 
a mean temperature close to 50° F., which deter- 
mines the intensity of the development of leaf rust. 
Under the heading “rust dissemination” he reviews 
the production of spores, wind dispersal, rate of fall, 
distance carried, and insect and seed carriage. An- 
nual cycles in the development of the rust in various 
parts of the world and the possibility of prediction of 
epiphytotics are discussed. Four chapters are given 
to control. The factors which tend to limit the devel- 
opment are described, and the results which have 
been obtained with fungicides are summarized. Con- 
siderable space is devoted to a discussion of control 
through the use of rust-resistant varieties and of the 
methods used in breeding them. 

As Chester has stated in the Introduction, the 
researches of the past quarter-century have added 
much to our knowledge of the nature and prevention 
of the cereal rusts, and there is need for a comprehen- 


sive treatment of them. Although this book is for the 
most part a monographic treatment of only one of 
the cereal rusts, they have much in common, and the 
volume affords a very useful reference for teachers 
and investigators in the fields of plant pathology and 
agronomy. — E. B. Mains. 


A Textbook of Systematic Botany. By De.4NE B. 
Swingle. 3d ed. New York: McGraw-Hill Book 
Co., 1946.. P'p. xv-h 343 - 13-50- 


Based on teaching experiences of 15 years and 
on solicited suggestions from others, the late Dean 
Swingle has synthesized and balanced the diverse 
elements of the oldest of botanical sciences into a 
pattern which is modern in approach and peda- 
gogical in form. 

A short statement on the meaning of systematic 
botany precedes the Introduction. The latter in- 
cludes interesting facts about Torrey, Gray, 
Bessey, and Coulter and points out the useful- 
ness of taxonomy and nomenclature in forestry, 
agriculture, horticulture, floriculture, range man- 
agement, ecology, and paleobotany. The relation 
of evolution to taxonomy is presented in a most 
readable chapter. 

Indented and parallel keys are taken from well- 
known floras and analyzed, and floral diagrams and 
floral formulas are explained and used throughout 
the text. Field and herbarium rriethods of prepar- 
ing plants for further reference are discussed. Nouns 
and adjectives used to describe parts of plants, 
together with their meaning, are arranged accord- 
ing to plant organs. 

One chapter is devoted to gymnosperms; 125 
pages to the flowering plants. Fifty-seven families 
of dicotyledons and monocotyledons are arranged 
according to the system of Bessey. Information 
for each family includes a general description, often 
a photograph or a drawing of selected plants* an 
emphasis on distinguishing characteristics of the 
plant organs, floral diagrams and formulas, and a 
chart for some families. 

The value of the “type concept,” the progress 
made by successive Botanical Congresses, and the 
principles of classification are treated from a broad 
and unbiased approach. The experimental method 
in taxonomy is discussed briefly. Historical aspects 
of systematic botany, which have occupied so much 
space in tej^ooks, are told in a concise and inter- 
esting manner. Useful information is given concern- 
ing the literature of systematic botany. Floras are 
named according to regions, and reference books for 
other aspects of systematics are discussed. 

The present edition will have a wide appeal to 
those who seek a general education beyond the level 
of elementary botany and to the many teachers and 
students of systematics who will find this text 
adaptable to great variations in flora and cur- 
riculum.— P aul D. Yqth. 
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The Genus Bazzania in Central and South America, 
By Margaret Fulford. “Annales Cryp- 
togamici et Phytopathoiogid,’^ Vol. 3. Waltham, 
Mass.; Chronica Botanica Co.; New York: 
G. E. Stechert & Co., 1946. Pp. xv-f i 7 S- Pigs* 
59. $5.00,, 

A thorough review of evon the more common 
leafy liverworts of the Western Hemisphere has 
long been a pressing need. In 1936 Miss Fuxford 
completed the monographic study of the species of 
Bazzania which have been collected in the United 
States and Canada (American Midland Naturalist 
11:385-424). The collating of collections from the 
neighbor-nations to the south of us has resulted in 
the impressive monograph just published. 

Following a discussion of previous arrangements 
of species within the genus Bazzania, a natural 
grouping under two subg’enera is achieved by 
Fulford. Seven species possess two-toothed leaves, 
while thirty-nine (one a variety) are tridentate. Of 
the five sections which comprise the second sub- 
genus, only one is not represented in this hemisphere. 
Of the 122 species studied, 71 are reduced to 


synonymy. Thus much of the confusion created 
by Stephani and other early, bryologists has been 
cleared away. Herpetium and Mastigohryim are 
considered synonyms of Bazzania. This further 
simplifies the taxonomy of these liverworts, there- 
by saving the time of the professional bryologist 
and lessening the frustration of the amateur. 

Dr. Fulford herself executed the excellent line 
drawings for each species. Leaf arrangement, 
denticulation of leaf margins, and thickenings of 
the cell wall are drawn to scale. For each species 
all available synonyms are cited, a complete de- 
scription of the plant is given, habitats are speci- 
fied, erroneous reports are discussed, collection 
localities are listed, and all literature references are 
named. The work is complete from diagnostic 
keys to index. 

Only about twenty-one additional species or 
varieties were not available for study because of 
the unsettled conditions during the war. Many of 
these names will undoubtedly be adjudged syno- 
nyms. 

This volume sets a high standard in research, in 
editing, and in publication. — Paul D. Voth. 
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